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Abstract 
This PhD study investigated the effects of habitual tea drinking, soy products 
consumption and physical activity on the risk of ischemic stroke in a population of 
southern China. 
 
A case-control study was conducted in southern China during 2007-2008. Patients 
with incident ischemic stroke and controls were recruited from three hospitals in 
Foshan, namely, the First People’s Hospital of Shunde, First People’s Hospital of 
Nanhai, and Second People’s Hospital of Foshan. Ischemic stroke cases were defined 
as sudden onset of a focal neurological event, with symptoms lasting for more than 24 
hours and subsequent confirmation of infarction in the brain by computed 
tomography scan (CT) or magnetic resonance imaging (MRI), and no previous 
history of stroke. Controls were subjects without history or clinical evidence 
indicating previous stroke, and whose treatment at the outpatient department was not 
related to any cardiovascular disease, a malignant tumour, or diabetes. Demographic 
characteristics, information on frequency and duration of tea drinking, quantity of 
dried tea leaves and types of tea consumed, together with habitual soy food intake and 
other dietary intake as well as information of habitual physical activities, were 
obtained from participants through face-to-face interview using a structured validated 
and reliable questionnaire. 
 
Of the 500 eligible cases and 600 age-matched controls approached and invited to 
participate in the study, a total of 374 stroke patients and 464 controls were available 
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for data analysis, representing an eventual response rate of 74.8% and 77.3%, 
respectively. 
 
In this study, a significant decrease in ischemic stroke risk was observed for drinking 
at least one cup of tea weekly (p = 0.015), when compared with infrequent or non-
drinkers; the risk reduction being largest by drinking 1-2 cups of green tea or oolong 
tea daily. Significant inverse dose-response relationships were also found for years of 
drinking and the amount of dried tea leaves brewed. The adjusted odds ratios (OR) 
for the highest level of consumption in terms of frequency of intake, duration of 
drinking and average tea leaves brewed were 0.61 (95% confidence interval (CI) 0.40 
to 0.94), 0.40 (95% CI 0.25 to 0.64), and 0.27 (95% CI 0.16 to 0.46), respectively. 
 
Increased consumptions of dried soybean, tofu, soymilk and total soy foods were 
found to be associated with reduced risks of ischemic stroke after adjusting for 
confounding factors. The corresponding adjusted OR (95% CI) for the highest versus 
lowest level (< 50 grams) of intake were 0.20 (0.09 to 0.48), 0.56 (0.36 to 0.89), 0.18 
(0.06 to 0.51) and 0.23 (0.14 to 0.39), with significant dose-response relationships 
observed. 
 
This study also found that increased engagements in leisure time activities were 
associated with reduced risks of ischemic stroke after adjustment for confounding 
factors. A significant inverse dose-response relationship was found for total physical 
activity exposure, with adjusted OR 0.25 (95% CI 0.14 to 0.45) for older adults 
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engaged in 22 or more Metabolic Equivalent Task (MET)-hours per week relative to 
those less than 10 MET-hours per week. 
 
The results of this PhD study suggested that long term regular tea drinking (especially 
drinking green tea and oolong tea), regular soy food intake and remaining physically 
active at old age associate with a substantially reduced risk of ischemic stroke. 
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1. Introduction 
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1.1 Ischemic stroke and the burden of the disease 
Stroke is commonly defined as a sudden loss of brain function (consciousness, 
sensation, and voluntary motion), caused by rupture or obstruction of a brain blood 
vessel (Mackay & Mensah, 2004). Strokes are separated into two broad categories: 1) 
ischemic stroke, which includes thrombotic stroke and embolic stroke; and 2) 
hemorrhagic stroke, which includes subarachnoid and intracerebral hemorrhages 
(Bronner, Kanter, & Manson, 1995). 
 
Stroke is a life-changing event. It has been estimated that 15% to 30% of the stroke 
patients become permanently disabled. Annually, there are about 15 million new 
cases of stroke worldwide. Stroke has been one of the leading causes of mortality and 
morbidity in the world. Each year, 5 million people die from stroke accounting for 
about 10% of total deaths globally, and a further 5 million people become disabled 
after the stroke (Mackay & Mensah, 2004). 
 
The risk of stroke is strongly associated with age, and is doubled for 10-year 
increment after the age of 55 (Goldstein et al., 2006). This makes stroke a leading 
cause of mortality and morbidity in all aging populations. The medical cost of stroke 
is very high in both developed countries and developing countries. For example, in 
Singapore, the hospital costs for one case of stroke patient was around 5000 U.S. 
dollars in 2000. In Netherlands, the average cost for the care of a stroke patient in the 
first six months after a stroke was about 16,000 Euros in 2003. In the UK, the average 
cost for the care of a stroke patient in the first 5 years after a stroke was estimated to 
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be 29,405 GBP (Mackay & Mensah, 2004; Youman, Wilson, Harraf, & Kalra, 2003). 
In China, the annual cost for the care of a stroke patient approximately equals to 3 
times the average annual income in rural areas (Long et al., 2005).  
 
Ischemic stroke accounts for more than 70% of all stroke cases in western countries, 
and about 60% in China and Japan (Jiang et al., 2006; Kondo et al., 2006; Sudlow & 
Warlow, 1997). The onset of an ischemic stroke is a sudden clinical event, which is 
caused by the occlusion of an intracranial artery of the cerebrum, and this mainly 
results from atherosclerosis in the cerebral arteries and internal carotid arteries. The 
end stage of atherosclerosis induces thrombosis. If thrombosis happens in any of the 
cerebral arteries, an ischemic stroke may occur (Berliner et al., 1995; Bronner et al., 
1995; Garcia, Lassen, Weiller, Sperling, & Nakagawara, 1996). Although ischemic 
stroke is an acute clinical event, atherosclerosis, which is the essential pathological 
change for the occurrence of ischemic stroke in most cases, is a continuously 
occurring arterial damage. It may take decades for the earliest stages of atheroma to 
develop into a complex plaque, which could later trigger an ischemic stroke. 
Therefore any factors that could interrupt or terminate the chronic progress of 
atherosclerosis may prevent the onset of an ischemic stroke or at least delay it 
(Berliner et al., 1995; Bronner et al., 1995). 
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1.2 Aim and objectives of this study 
This thesis focused on ischemic stroke which accounts for more than 70% of all 
stroke cases in western countries, and about 60% in China and Japan (Jiang et al., 
2006; Kondo et al., 2006; Sudlow & Warlow, 1997). Promoting healthy diet and life-
style is known to be a cost-effective way to combat the disease (Goldstein et al., 
2006).” Therefore the aim of this study was to test the hypothesis that specific diet 
and lifestyle factors are associated with the risk of ischemic stroke in a southern 
Chinese population. 
 
The objectives of this study were: 
1. To investigate whether habitual tea consumption could reduce the risk of ischemic 
stroke in southern China. 
2. To investigate whether habitual soy products intake is associated with a reduction 
in ischemic stroke risk for the southern Chinese population. 
3. To investigate whether habitual physical activity levels can affect the ischemic 
stroke risk for the southern Chinese population. 
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1.3 Outline of the thesis 
In order to investigate the potential of habitual tea drinking, habitual soy products 
consumption and habitual physical activity in ischemic stroke prevention, a hospital-
based case-control study was conducted in Foshan City located in the Guangdong 
Province of southern China. Subjects were recruited from three teaching hospitals 
within Foshan City, namely, the First People’s Hospital of Shunde, First People’s 
Hospital of Nanhai, and Second People’s Hospital of Foshan.  
 
The main body of the thesis consists of five chapters: introduction, literature review, 
methodology, results and discussion. In the introduction chapter, general information 
about ischemic stroke and its burden are described. The aim and objectives of the 
study are also described in this chapter. Literature review is presented in chapter two. 
In this chapter, the definition and risk factors of ischemic stroke and previous 
findings on physical activities, tea and soy food on the risk of ischemic stroke are 
reviewed and discussed. The methodology of the case-control study is presented in 
chapter three of the thesis. The results chapter consists of findings of the case control 
study. Discussion of the results of this study is presented in chapter five. 
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2. Literature review 
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2.1 Overview 
Literature review is presented in this chapter. Definition and diagnosis of ischemic 
stroke were given in section 2.2. The major risk factors of ischemic stroke were 
reviewed in section 2.3. Section 2.4 summarised recent findings from epidemiology 
studies on the risk of ischemic stroke in China. This included the estimation on 
ischemic stroke risk in Southern China (W. Liang, Huang, Lee, Hu, & Binns, 2008) 
which was part of this PhD study. Section 2.5 summarised the previous findings on 
the association between tea drinking and risk of stroke. Section 2.6 summarised the 
previous findings on consumption of soy foods and risk of ischemic stroke. Section 
2.7 reviewed the reliability of proxy information. Because some of the stroke cases 
would lose their ability to speak, and it’s necessary to obtain information from their 
next of kin. 
 
In order to review the most updated and reliable information on diagnosis and 
definition of ischemic stroke and to understand the established risk factors of 
ischemic stroke, the WHO STEPS Stroke Manual (WHO, 2006) and the primary 
prevention guideline of ischemic stroke from the American Heart foundation 
(Goldstein et al., 2006), were reviewed. The reference lists of identified articles were 
hand-searched for further review of relevant publications. To obtain publications for 
the rest of this literature review chapter, published articles were located by searching 
the PubMed, ProQuest and ISI Web of Knowledge databases, using keywords such as 
‘epidemiology’ and ‘China’ and ‘stroke’, ‘soy’ and ‘stroke’, or ‘soybean’ and ‘stroke’, 
or ‘soya’ and ‘stroke’, ‘tea’ and ‘stroke’, ‘diet’ and ‘China’ and ‘stroke’, ‘physical 
activity’ and ‘China’ and ‘stroke’, ‘physical activities’ and ‘China’ and ‘stroke’, 
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‘proxy’ and ‘reliability’ without any restriction on publication date and language. 
After preliminary screening of abstracts and contents, the reference lists of identified 
articles were hand-searched for further relevant publications. 
 
Materials presented in this chapter have been published in the three peer-reviewed 
journal articles listed below: 
 
1. Liang, W, Lee, AH & Binns, CW 2009, 'Tea drinking, diet and ischemic stroke 
 prevention in China: A future perspective', Expert Review of Cardiovascular 
 Therapy, In press. 
 
2. Liang, W, Huang, R, Lee, AH, Hu, D & Binns, CW 2008, 'Hospitalizations for 
incident stroke in Shunde district, Foshan, South China', Neuroepidemiology, 
vol. 30, no. 2, pp. 101-4.  
 
3. Liang, W, Binns, CW, Lee, AH, Huang, R & Hu, D 2008, 'The reliability of 
dietary and lifestyle information obtained from spouses in an elderly Chinese 
population', Asia Pac J Public Health, vol. 20, no. 2, pp. 87-93.  
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2.2 Definition and diagnosis of ischemic stroke 
Stroke is defined as a sudden loss of brain function (consciousness, sensation, and 
voluntary motion), which is caused by rupture or obstruction of a brain blood vessel 
(Mackay & Mensah, 2004). Stroke is separated into two broad categories: 1) ischemic 
stroke, which includes thrombotic stroke and embolic stroke and 2) hemorrhagic 
stroke, which includes subarachnoid and intracerebral hemorrhages (Bronner et al., 
1995).  
 
Ischemic stroke is caused by a sudden occlusion of arteries that provide blood supply 
to the brain. An occlusion (thrombus) can develop at the site of the artery being 
affected or an embolus can develop at another part of the circulation, and travel to the 
artery where it causes the obstruction. Hemorrhagic stroke is caused by bleeding from 
one or more of the brain’s arteries into the brain—intracerebral haemorrhage, or is 
caused by arterial bleeding in the space between the two meninges—subarachnoid 
haemorrhage (WHO, 2006). The criteria for clinical diagnosis of a stroke include: 1) 
a sudden onset of neurological impairment, lasting more than 24 hours or resulting in 
death; 2) the neurological impairment is of presumed vascular origin (WHO, 2006). 
The determination of a stroke subtype, distinguishing an ischemic stroke from a 
hemorrhagic stroke, is based on the neuro-imaging findings from CT or MRI (WHO, 
2006). However in general clinical practices, it is unable to distinguish between 
thrombosis and embolism for the majority of cases (WHO, 2006).  
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2.3 Risk factors for ischemic stroke 
2.3.1 Age and gender  
The aging of the cardiovascular system and the progress of stroke risk factors 
contribute to the positive association between age and risk of ischemic stroke 
(Goldstein et al., 2006). According to the estimates made by the American Heart 
Association Statistics Committee, the incidence rate of ischemic stroke in white men 
increased from 1.1 per 100,000 for the age group 45-54 to 7.6 per 100,000 for the age 
group 65-74, and to 12.5 per 100,000 for the age group 75-84. Similar positive trends 
between age and the risk of ischemic stroke were also observed for white women, 
black men and black women (Lloyd-Jones et al., 2009). The positive association 
between age and the risk of ischemic stroke was also observed in other large-scale 
population-based cohort studies (Ellekjaer, Holmen, Indredavik, & Terent, 1997; 
Amanda G. Thrift, Dewey, Macdonell, McNeil, & Donnan, 2001). Moreover the risk 
of ischemic stroke is higher in men than in women before the age of 75 (Goldstein et 
al., 2006). The male-to-female incidence rate ratio was estimated to be 1.25 for age 
55-64, and 1.50 for age 65-74 (Lloyd-Jones et al., 2009). The standardized male-to-
female incidence rate ratio of ischemic stroke estimated in the North Melbourne 
Stroke Incidence Study was 1.34 (95% CI 1.01 to 5.04) (Amanda G. Thrift et al., 
2001).  
 
2.3.2 Coronary heart disease 
Ischemic stroke and coronary heart disease are both atherosclerotic vascular diseases 
(Goldstein et al., 2006). Formation of a thrombus or an embolus mainly results from 
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atherosclerosis in the cerebral arteries and internal carotid arteries or another part of 
the circulation (Berliner et al., 1995; Bronner et al., 1995; Garcia et al., 1996). The 
presence of coronary heart disease is a marker for atherosclerotic progression in the 
cardiovascular system, and therefore patients with a coronary heart disease have an 
increased risk of ischemic stroke (Goldstein et al., 2006). 
 
2.3.3 Dyslipidemia 
High serum level of low-density lipoprotein (LDL) cholesterol is associated with an 
increased risk of ischemic stroke. A number of prospective cohort studies have 
reported a positive association between serum cholesterol levels and risk of ischemic 
stroke (Blood pressure, cholesterol, and stroke in eastern Asia. Eastern Stroke and 
Coronary Heart Disease Collaborative Research Group, 1998; Ebrahim et al., 2006; 
Leppala, Virtamo, Fogelholm, Albanes, & Heinonen, 1999; Lindenstrom, Boysen, & 
Nyboe, 1994).  
 
A systematic review investigated the effect of decreasing serum cholesterol level, on 
the risk of ischemic heart disease and stroke (Law, Wald, & Rudnicka, 2003). In 
order to estimate the effect of decreased serum cholesterol level induced by statins 
and the effect of decreased serum cholesterol level on the risk of ischemic stroke, 
Law et al included a subgroup analysis of eight randomised control trials, which also 
reported ischemic stroke as one of the outcome measurements (Law et al., 2003). It 
was estimated that an average 28% reduction in ischemic stroke risk could be attained 
by one mmol/L decrease in serum LDL cholesterol induced by statins. 
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Statins reduce hepatic productions of LDL, and increase the expression of hepatic 
LDL receptors by inhibiting the rate-limiting enzyme of cholesterol synthesis in the 
liver (Vaughan, Murphy, & Buckley, 1996). Consistent results from clinical trials 
showed that statins can lower the plasma concentrations of LDL. Moreover statins 
may protect against ischemic stroke and ischemic heart disease through other 
mechanism of actions (Vaughan et al., 1996). Nevertheless based on a meta-analysis 
of nine cohort studies, and it was found that one mmol/L decrease in serum LDL 
cholesterol level was associated with a 15% reduction in ischemic stroke risk which 
was not related to the use of statins (Law et al., 2003). 
 
2.3.4 Hypertension 
It has been well-documented that an increase in both systolic blood pressure 
(SBP), >115 mmHg, and diastolic blood pressure (DBP), >75 mmHg, is associated 
with a higher risk of stroke (Goldstein et al., 2006). A recent review of published 
systematic reviews and meta-analyses showed that results from previous cohort 
studies and randomised controlled trials are generally consistent. A 10 mmHg 
reduction in SBP or 5 mmHg reduction in DBP is associated with a 30% to 40% 
reduction in stroke risk among subjects aged 60-69 (Lawes, Bennett, Feigin, & 
Rodgers, 2004). Though the effect of blood pressure on stroke risk varies by age, 
higher SBP or higher DBP is always associated with an increased risk of ischemic 
stroke for all age groups (Lawes et al., 2004). 
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2.3.5 Diabetes 
Patients with diabetes are more likely to have hypertension, obesity, increased serum 
levels of LDL cholesterol, and increased risk of atherosclerosis, which are all risk 
factors for ischemic stroke (Goldstein et al., 2006). It has been estimated that the risk 
ratio of ischemic stroke for people with diabetes relative to those without the disease 
is 1.7 (95% CI 1.2 to 2.4) (Whisnant, Wiebers, O'Fallon, Sicks, & Frye, 1996). 
 
2.3.6 Cigarette smoking 
Experimental and epidemiological studies have shown that cigarette smoking can 
lower the concentration of high-density lipoprotein (HDL) (Freeman et al., 1993), 
damage endothelium leading to atherosclerosis (Lekakis et al., 1998), increase the 
risk of hypertension, and increase blood levels of fibrinogen (Sinha et al., 2005). All 
of these are pathophysiological conditions for the onset of ischemic stroke. Cigarette 
smoking was found to be an independent risk factor for ischemic stroke in large-scale 
epidemiological studies in western countries (Gorelick, Rodin, Langenberg, Hier, & 
Costigan, 1989; Schwartz, Carlucci, Chambless, & Rosamond, 2004) and in China (Y. 
Wu et al., 2006; Xu, Liu, Wu, Zhang, & Yin, 2006). 
 
2.3.7 Obesity 
The Asian populations are found to have a higher percentage of body fat than the 
white populations within the same age, sex and body mass index (BMI) strata, and 
therefore a lower BMI cut-off point to define obesity has been recommended 
(Appropriate body-mass index for Asian populations and its implications for policy 
and intervention strategies, 2004). Obesity is defined as BMI ≥30 kg/m2 (Goldstein et 
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al., 2006). A large Korean cohort study with a sample of 234,863 men and 2,253,740 
person-years of follow-up showed that subjects who are obese, tend to have higher 
serum level of cholesterol, higher prevalence of hypertension, and higher prevalence 
of diabetes. The relative risk of ischemic stroke was 1.4 comparing subjects with a 
BMI ≥30 kg/m2 to subjects with a BMI between 22 kg/m2 and 23.9 kg/m2 (Y.-M. 
Song, Sung, Smith, & Ebrahim, 2004). An American cohort study with 116,759 
women and ten years of follow-up observed a similar positive association between 
BMI and the risk of ischemic stroke (Rexrode et al., 1997). The risk of ischemic 
stroke among obese subjects was around 1.5 times of the risk among subjects with a 
normal BMI (Rexrode et al., 1997). 
 
2.3.8 Alcohol abuse 
Results of studies of moderate alcohol intake and risk of ischemic stroke appear to be 
inconsistent among epidemiological studies. Several studies have suggested that 
moderate alcohol consumption might be protective against ischemic stroke (Elkind et 
al., 2006; Mukamal et al., 2005), while others found no association or even increased 
risk (Gorelick et al., 1989; Mukamal et al., 2005). However, heavy alcohol 
consumption (≥ 5 standard drinks daily) has been considered to be associated with 
increased risk of ischemic stroke (Goldstein et al., 2006; Reynolds et al., 2003). A 
meta-analysis analysed published data from 35 observational studies and showed that 
subjects who consumed ≥ 5 standard drinks daily have a relative risk of 1.69 (95% CI: 
1.34 to 2.15) compared to non-drinkers (Reynolds et al., 2003). 
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2.3.9 Physical activity 
Lack of physical activity is associated with an increased risk of obesity, whereas an 
increased level of physical activity is associated with a lower risk of stroke. The 
meta-analysis performed by Lee et al compared the results from 23 cohort and case-
control studies published between 1966 and 2002. Among these 23 studies, 11 studies 
were conducted in the U.S. Eight studies were conducted in Europe, two studies were 
conducted in Australia, while two studies were conducted in Japan (Lee, Folsom, & 
Blair, 2003). The overall relative risk of ischemic stroke comparing highly active 
population with low-active population was estimated to be 0.79 with a confidence 
interval of 0.69 to 0.91 (Lee et al., 2003). It suggested a protective effect of physical 
activity against ischemic stroke among the population in developed countries. A 
similar result was observed in the Finnish cohort study (Hu et al., 2005). However, to 
the best of our knowledge, there have been no published reports on the association 
between physical activity and risk of ischemic stroke among ethnic Chinese 
populations. Therefore, an objective of this PhD study was to investigate the effect of 
habitual physical activity on the risk of ischemic stroke. 
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2.4 Risk of ischemic stroke in China 
Ischemic stroke accounts for more than 60% of all stroke cases in China comparing to 
about 70% in European countries (Jiang et al., 2006; Kondo et al., 2006; Sudlow & 
Warlow, 1997). Accurate diagnosis of stroke subtype requires advanced imaging 
techniques. However, CT scan and MRI were not widely used in China until the 
middle 1990s. Consequently, there has been little information on the distribution of 
stroke and its subtypes in different regions of China. 
 
Comparisons of ischemic stroke risk and all types of stroke risk between four regions 
with different latitudes in China were showed in Table 1. All rates in Table 1 were 
standardized to the 5-year age distribution of the Segi’s world population (W. Liang 
et al., 2008). The incidence rates of Changsha, Shanghai and Beijing were estimated 
via community-based stroke surveillance networks. Because incidence rates were not 
available for the southern region of China, age-adjusted stroke hospitalization rates in 
Shunde was used to estimate the incidence rates for Southern China. As shown in 
Table 1, the standardized hospitalization rates (per 100,000 person-years) of all 
strokes, ischemic stroke in Southern China (Shunde) were substantially lower than 
the corresponding incidence rates of first-ever stroke in Beijing, Changsha and 
Shanghai. It suggests that a gradient in stroke incidence increasing from southern to 
northern China (Jiang He, Klag, Wu, & Whelton, 1995; W. Liang et al., 2008; Z. Wu 
et al., 2001; Xue, Yu, Wang, Wang, & Wang, 1991). 
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Table 1 Comparison of ischemic stroke risk and all stroke risk between Changsha, 
Beijing, Shanghai and Shunde, China 
 Adjusted hospitalization 
rates /incidence rates* 
(per 100,000 person-years)
95% confidence 
interval 
Ischemic stroke 
Shunde° 36.1 33.6 38.6 
Changsha 62.8 57.1 69.7 
Beijing 90.8 83.9 98.7 
Shanghai 40.7 36.8 45.7 
 
All strokes 
Shunde° 57.4 54.2 60.5 
Changsha 150.0 141.3 160.0 
Beijing 135.0 126.5 144.6 
Shanghai 76.1 70.6 82.6 
* Standardized to the Segi’s world population ° Estimated based on hospitalizations 
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2.5 Tea drinking and ischemic stroke risk 
2.5.1 Tea drinking protects against ischemic stroke: possible mechanism  
It has been suggested that tea consumption may be able to interrupt the chronic 
progress of atherosclerosis and may prevent the onset of an ischemic stroke, or at 
least delay it (Berliner et al., 1995; Bronner et al., 1995). An elevated concentration 
of plasma LDL, increased blood pressure, migration of monocytes and smooth 
muscle cells, and impairment of endothelial function are considered to be key 
components for the progress of atherosclerosis formation (Alexander, 1995; Berliner 
et al., 1995; Sander, Kukla, Klingelhofer, Winbeck, & Conrad, 2000; Vita, 2003). Tea 
intake may protect against the formation of atherosclerosis by protecting the artery 
wall against high levels of LDL, by reducing blood pressure, inhibiting the migration 
of monocytes and smooth muscle cells to the atherosclerotic lesion, inhibiting 
proliferation of smooth muscle cells, and by overall improvements to endothelial 
function. 
 
In a recent animal study, Miura et al found that mice fed with an atherogenic diet had 
lower aortic cholesterol and triglyceride content in those supplied water with green 
tea extract compared to those supplied with mineral water (Miura et al., 2001). Maron 
et al conducted a human double-blinded randomized controlled trial on a sample of 
240 adults with mild to moderate hypercholesterolemia (average age 55 year) to test 
the effect of a theaflavin-enriched green tea extract on blood lipid profile. Only 5 
subjects in the treatment and 14 subjects in the control group did not complete the 
whole trial. The theaflavin-enriched green tea extract contained theflavins, green tea 
catechins and polyphenols from other types of tea. After 12 weeks, significant 
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reductions in plasma total cholesterol (-11.3%) and LDL-cholesterol (-16.4%) levels 
were observed in the treatment group, but the lipid profile in the control group 
remained unchanged (Maron et al., 2003).  
 
A recent cross-sectional study in Western Australia showed that regular black tea 
consumption is associated with lower systolic and diastolic blood pressures (Hodgson 
et al., 2003), while another cross-sectional study conducted in Taiwan  showed that 
regular green tea or oolong tea consumption is associated with lower systolic and 
diastolic blood pressures (Yang, Lu, Wu, Wu, & Chang, 2004). A population-based 
study in Taiwan investigated 1507 Chinese (mean age 47.2 years) without any history 
of hypertension. Inverse dose-response relationships for both systolic blood pressure 
and diastolic blood pressure were reported with respect to tea drinking duration and 
amount (Yang et al., 2004). In another study of elderly Australian women aged 
between 70 and 85 years, tea exposure was measured by dietary record as well as the 
biomarker 4-O-methylgallic acid from 24-hour urine sample. Significant inverse 
associations were found between tea consumption and blood pressure among the 
subjects (Hodgson et al., 2003). In line with experimental studies, regular green tea, 
black tea, and oolong tea consumption in the community may lower blood pressure 
and offer protection against ischemic stroke (Hodgson, 2006). 
Plasma metabolic conversion of (+)-chatechin from green tea was found to have a 
negative impact on monocyte adhesion to endothelial cells (Koga & Meydani, 2001), 
while epigallocatechin-3-gallate (EGCG) inhibited the proliferation of smooth muscle 
cells in vitro (Ahn et al., 1999). Another study also found that green tea catechins can 
limit the progress of atherosclerosis by inhibiting smooth muscle cells to enter the 
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atherosclerotic lesion (Maeda et al., 2003). Moreover, both short-term and long-term 
black tea consumption significantly improved endothelial function among 66 patients 
with coronary heart disease (Duffy et al., 2001). 
 
Based on evidence from animal and in-vitro studies, short-term clinical trials as well 
as human observational studies, it appears that long-term tea consumption may 
protect against ischemic stroke by inhibiting the progress of atherosclerosis in the 
cerebral arteries, internal carotid arteries and vertebral arteries. Industrial air pollution 
and second hand tobacco smoke have posted a serious health threat in urban China 
(Qian et al., 2008; Sun & Gu, 2008; Wang et al., 2009; C. M. Wong et al., 2008). Air 
pollution is known to increase the risk of ischemic stroke (Lisabeth et al., 2008; 
Lokken et al., 2008), whereas green tea may provide some protection as it is rich in 
antioxidants (W. Liang, Binns, Jian, & Lee, 2007). 
 
The potential benefits of tea against ischemic stroke are most commonly attributed to 
catechins, a category of polyphenols in tea including epicatechin, epigallocatechin 
and EGCG. EGCG is the major component, and the most active constituent, 
accounting for 40% of the total polyphenol content in green tea extract (Fraser, Mok, 
& Lee, 2007). Because of different manufacturing processes, the level of catechins 
varies in different types of tea. Green tea leaves are steamed when harvested to 
prevent oxidation. Oolong tea is partially oxidated, whereas black tea leaves are 
allowed to wither and are rolled and crushed, initiating fermentation of the 
polyphenols present. This process results in a high degree of oxidation. The catechin 
content of black tea is approximately a third of that in green tea and therefore, 
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consumption of different types of tea may have varying effects on stroke prevention 
(Fraser et al., 2007). 
 
2.5.2 Tea drinking and risk of ischemic stroke: epidemiological studies  
Before our study there had been five epidemiology studies investigating tea intake 
and stroke (type not specific or ischemic stroke) (Chen et al., 2004; Hirvonen, 
Virtamo, Korhonen, Albanes, & Pietinen, 2000; Kuriyama et al., 2006; Sato et al., 
1989; Yochum, Kushi, Meyer, & Folsom, 1999). Details of these studies are 
summarized in Table 2. 
 
The results from these studies showed little or no decrease in stroke incidence. In all 
of these cohort studies, fatal stroke cases rather than incident stroke cases were taken 
as events of interest (Hirvonen et al., 2000; Kuriyama et al., 2006; Sato et al., 1989; 
Yochum et al., 1999).  
 
Case-fatality rates of stroke have been reported to vary from 15% to 57%. This might 
be due to different quality of inpatient health care or different methods of acute stroke 
management (Thorvaldsen, Asplund, Kuulasmaa, Rajakangas, & Schroll, 1995). The 
study by Yochum et al and the study by Sato et al included all fatal stroke cases both 
of ischemic stroke and hemorrhagic stroke (Sato et al., 1989; Yochum et al., 1999). 
However, hemorrhagic stroke cases have higher fatality rates than ischemic stroke 
(Bamford, Sandercock, Dennis, Burn, & Warlow, 1990; Mackay & Mensah, 2004). It 
is likely that the association between tea consumption and the risk of ischemic stroke 
observed in these cohort studies has been diluted and confounded by differences in 
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medical treatments for acute stroke, and the large proportion of fatal hemorrhagic 
stroke cases. 
 
Because of the nature of cross sectional studies, no inference on causality between tea 
intake and the risk of stroke can be drawn from the study conducted by Chen et al 
(Chen et al., 2004). Especially when both tea consumption information and stroke 
history are self-reported, recall bias could be a serious methodological issue 
(Rothman & Greenland, 1998). As discussed above, the onset of most ischemic stroke 
cases is the final stage of atherosclerosis, which requires tens of years to develop. 
While tea consumption has been shown to protect against the formation of 
atherosclerosis, long-term history of tea consumption is important to determine the 
association between tea intake and risk of ischemic stroke. 
 
Among these five epidemiological studies, the four studies indicating possible inverse 
associations between tea intake and risk of stroke were carried out in China and Japan. 
The level of tea consumption in these studies was found to be much higher than the 
other two studies conducted in United States and Finland, which showed no 
significant association between tea intake and risk of fatal stroke. This indicated that 
the protective effect of tea against ischemic stroke might only exist at a high level of 
consumption, and as discussed above the effect may be influenced by the type of tea 
consumed.  
 
Evidence from previous epidemiological studies is inadequate to determine the effect 
of tea intake on the risk of ischemic stroke. Well-designed epidemiological studies 
are needed among population with high level of tea consumption before conducting 
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large-scale clinical control trials. Therefore, a main objective of this PhD study was to 
investigate the effect of habitual tea consumption on the risk of ischemic stroke.  
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Reference Design Country Sample size and characteristics Type of tea and 
highest level of 
consumption 
Results 
(Kuriyama et 
al., 2006) 
Cohort 
study 
Japan 40,530 adults aged 40-79 years; 7 years 
follow-up period; 374,174 total person-
years at risk; 65 deaths from ischemic 
stroke 
Green tea; 
> 5 cups per day 
Inverse association between risk of 
death from ischemic stroke and green 
tea consumption level 
(Chen et al., 
2004) 
Cross 
sectional 
study 
China 14,212 adults aged 35-60 years  Black tea, green tea, 
jasmine tea; > 150 
grams tea leaves per 
month 
High green tea consumption associated 
with lower prevalence of self-reported 
stroke 
(Yochum et 
al., 1999) 
Cohort 
study 
U.S.A 34,492 women aged 55-69 years; 10 
years follow-up period; 131 deaths from 
all stroke types 
Type of tea not 
specified; 
5-42 times per week  
No association between tea and risk of 
death from stroke 
Table 2 Epidemiological studies (published before 2008) investigating tea drinking and risk of stroke
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To be continued 
Reference Design Country Sample size and characteristics Type of tea and 
highest level of 
consumption 
Results 
      
(Hirvonen et 
al., 2000) 
Cohort 
study 
Finland 26,497 male smokers; 6.1 years follow-
up period; 736 ischemic stroke cases 
Type of tea not 
specified; 
>1 cup per day  
No association between tea and risk of 
death from ischemic stroke 
(Sato et al., 
1989) 
Cohort 
study 
Japan 9,510 non-smoker non-drinker women 
aged over 40 years; 4 years follow-up 
period; 174 deaths from all stroke types 
Green tea; ≥ 5 cups 
per day 
Inverse association between risk of 
death from all stroke types and green 
tea intake 
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2.6 Soy food intake and ischemic stroke risk 
2.6.1 Effect of soy protein on blood lipids and blood pressure 
Dyslipidemia and hypertension are important risk factors for arteriosclerosis, which is 
the fundamental pathological change in the majority of ischemic stroke cases 
(Goldstein et al., 2006; Law et al., 2003). It has been hypothesized that soy protein is 
effective in lowering serum cholesterol level and reducing blood pressure (F. M. 
Sacks et al., 2006). Moreover, isoflavones associated with soy protein have a similar 
chemical structure to oestrogen, and consequently may have similar functions to 
oestrogen in regulating blood lipids (Balk et al., 2005; Hasler, 2002). The possible 
protective effect of soy protein and soy isoflavones on these two risk factors has been 
intensively studied in clinical trials and summarized in meta-analyses. 
 
Five published meta-analysis studies investigating the effect of soy protein on blood 
lipid (J. W. Anderson, Johnstone, & Cook-Newell, 1995; Balk et al., 2005; Reynolds 
et al., 2006; Weggemans & Trautwein, 2003; Zhan & Ho, 2005) and two meta-
analyses (Taku et al., 2007; Zhuo, Melby, & Watanabe, 2004) specifically on the 
effect of soy isoflavones have been identified. According to their search methods and 
selection criteria, nearly all searchable human clinical studies published before 2006 
that were concerned with soy protein and/or isoflavones intake, have been included in 
one or more of these seven meta-analyses. There was no indication of publication 
bias (J. W. Anderson et al., 1995; Balk et al., 2005; Reynolds et al., 2006; 
Weggemans & Trautwein, 2003; Zhan & Ho, 2005), and only human clinical trials 
were included.  
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Five meta-analyses found that the intake of soy protein could lead to a significant, 
although modest reduction in the serum level of LDL cholesterol (J. W. Anderson et 
al., 1995; Balk et al., 2005; Reynolds et al., 2006; Weggemans & Trautwein, 2003; 
Zhan & Ho, 2005). A significant average reduction in triglyceride (TG) was also 
found in two of the studies (J. W. Anderson et al., 1995; Balk et al., 2005). However, 
the average increase in HDL cholesterol level was not significant (J. W. Anderson et 
al., 1995; Balk et al., 2005; Reynolds et al., 2006; Zhan & Ho, 2005) except for one 
study (Weggemans & Trautwein, 2003). Overall, these meta-analyses of individual 
clinical trials showed a modest beneficial effect on serum cholesterol level of 
consuming 25-50 grams of soy protein daily (J. W. Anderson et al., 1995; Balk et al., 
2005; Reynolds et al., 2006; Weggemans & Trautwein, 2003; Zhan & Ho, 2005). In 
summary, it appears that habitual consumption of soy protein may reduce the risk of 
ischemic stroke in the long-term. 
 
Among the seven meta-analyses identified, two studies observed a small beneficial 
effect of soy isoflavones intake. The average effects of consuming 62 to 132 mg soy 
isoflavones per day on LDL cholesterol were estimated to induce a reduction of 0.15 
to 0.13 mmol/L (Taku et al., 2007; Zhuo et al., 2004). In these two meta-analyses, a 
fixed-effect model was adopted to calculate the average effect from individual 
clinical studies. A random-effect model appeared more appropriate due to great 
variations among the trials in terms of age, sex and baseline serum lipid profile of the 
subjects, as well as the dose of soy protein and soy isoflavones used. For the average 
effect calculation, two small trials with a total sample of 31 subjects received very 
high weighting. Furthermore, one of the small trials had a dropout rate of 35% (Merz-
Demlow et al., 2000). Therefore, the results of these two meta-analyses (Taku et al., 
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2007; Zhuo et al., 2004) are not reliable, so that it is unclear whether soy isoflavones 
have a beneficial effect on serum cholesterol level.  
 
The effect of soy protein with or without isoflavones on systolic and diastolic blood 
pressure was extensively investigated in a meta-analysis (Balk et al., 2005), which 
included subjects from 19 trials with a SBP lower than 140 mmHg, and subjects from 
21 trials with a DBP lower than 90 mmHg. The average effect of soy protein intake 
on both SBP and DBP was reported to be zero, which agreed with the findings of four 
recent clinical control trials conducted with or without isoflavones (Hermansen et al., 
2005; Kreijkamp-Kaspers et al., 2005; Lukaczer et al., 2006; Teede, Giannopoulos, 
Dalais, Hodgson, & McGrath, 2006).  
 
On the other hand, a randomized control trial conducted in China found significant 
reduction in both systolic and diastolic blood pressure for subjects who consumed 
40g of soy protein supplement daily for 12 weeks, when compared to control subjects 
who received complex carbohydrate. The average baseline SBP and the average 
baseline DBP of the subjects were 135 mmHg and 85 mmHg, respectively (J. He et 
al., 2005). It should be noted that this Chinese study involved  a sample size of 302, 
which is much bigger than those of similar studies (Hermansen et al., 2005; 
Kreijkamp-Kaspers et al., 2005; Lukaczer et al., 2006; Teede et al., 2006) and other 
studies considered in the aforementioned meta-analysis (Balk et al., 2005). Unlike 
studies undertaken in western countries, the Chinese subjects maintained their usual 
diet over the study period (J. He et al., 2005). The positive results may reflect 
possible interaction effects between soy protein, other dietary components and 
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genetic factors on blood pressure. It appears that soy protein is effective in reducing 
blood pressure only for certain population subgroups. However, it should be noted 
that the control treatment in this study was not protein but carbohydrate, and thus it is 
possible that the reduction in blood pressure may have been due to a general protein 
effect, not specifically soy protein. 
 
2.6.2 Soy oil and serum cholesterol level 
There are about 19 grams of fat in each 100 grams of dried soybean. While more than 
60% of the fat in soybean is polyunsaturated, 24% is monounsaturated, and only 15% 
is saturated. About 85% of the polyunsaturated fat is linoleic acid (a n-6 
polyunsaturated fatty acid) and about 12% is -Linoleic acid (a n-3 polyunsaturated 
fatty acid) (James W Anderson, Smith, & Washnock, 1999). There is convincing 
evidence suggesting that the replacement of saturated fat with polyunsaturated fat as 
the main source of dietary fat is effective in reducing serum LDL cholesterol and 
further preventing atherosclerosis. In one study, African green monkeys fed with n-6 
polyunsaturated fatty acids for five years had markedly lower serum LDL cholesterol 
and less amount of coronary artery atherosclerosis, than monkeys fed with saturated 
fatty acids for the same period (Rudel, Parks, & Sawyer, 1995). A similar beneficial 
effect for polyunsaturated fat was also found in human studies. A meta-analysis of 27 
human trials suggested that replacing saturated fat by its polyunsaturated counterpart 
could lower serum LDL cholesterol (Mensink & Katan, 1992). Another meta-analysis 
of 60 clinical trials reached similar conclusion, and further reported that 
polyunsaturated fat from soy oil could increase the concentration of HDL cholesterol, 
which is considered important for cardiovascular health (Mensink, Zock, Kester, & 
Katan, 2003). Sacks and Katan noted that a number of clinical studies investigated the 
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protective effect of soybean oil as well as other vegetable oils in 1960s and 1970s. In 
these studies, patients with hypercholesterolemia in the experimental groups were 
instructed to drink soybean oil or vegetable oils as well as using them for cooking. 
Soybean oil was used in two studies: the Oslo Diet-Heart Study, and the Finnish 
Mental Hospital Study. Both of these two studies found the use of soybean oil to 
replace saturated fat significant reduced blood cholesterol and the risk of recurrent 
myocardial infarctions (Frank M. Sacks & Katan, 2002). 
 
2.6.3 Polyunsaturated fat and ischemic stroke risk 
In parallel with the reduction of serum LDL cholesterol by polyunsaturated fat, there 
has been a growing body of evidence suggesting that replacing saturated fat with 
polyunsaturated fat can reduce the risk of coronary heart disease (Kris-Etherton et al., 
2001; Frank M. Sacks & Katan, 2002). However, the effect of different types of 
dietary fat on the risk of ischemic stroke is less clear.  
 
The Framingham Heart study was a population-based cohort study with a sample of 
832 men. This study found an inverse association between saturated fat intake and 
risk of ischemic stroke among men after 20 years of follow-up (Gillman, Cupples, 
Millen, Ellison, & Wolf, 1997). However, the dietary information was only collected 
at baseline, and diet habits of the subjects might have changed during the course of 
the study. Another cohort study with 14 years of follow-up observed no relationship 
between intake of saturated fat, polyunsaturated fat and risk of ischemic stroke (K. He 
et al., 2003). Nevertheless, more studies have reported a positive association between 
saturated fat intake and risk of coronary heart diseases, as well as the beneficial effect 
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of polyunsaturated fat intake (Frank M. Sacks & Katan, 2002). This would certainly 
influence the dietary habits of the general population, especially those in the upper 
socio-economic class, who probably have more access to animal products, and 
consequently have a higher consumption of saturated fat. Therefore, the apparent 
inverse association between saturated fat consumption at baseline and the ischemic 
stroke risk could be confounded by socio-economic class. The cohort study of 
healthcare professionals, who were within similar socio-economic class, had dietary 
assessment undertaken during follow-up, but found no association between types of 
dietary fat and risk of ischemic stroke (K. He et al., 2003). However, statin and other 
cholesterol lowering drugs were widely used at the time of the study. These health 
professional subjects were likely to have had medical treatments if they were with 
hypercholesterolemia condition (Epstein, 2003).  
 
Other prospective cohort studies have reported a positive association between serum 
cholesterol level and risk of ischemic stroke (Blood pressure, cholesterol, and stroke 
in eastern Asia. Eastern Stroke and Coronary Heart Disease Collaborative Research 
Group, 1998; Ebrahim et al., 2006; Leppala et al., 1999; Lindenstrom et al., 1994). A 
meta-analysis included eight randomised control drug trials to investigate the relation 
between serum cholesterol level and ischemic stroke (Law et al., 2003). An average 
28% reduction in ischemic stroke risk could be attained by one mmol/L decrease in 
LDL cholesterol. Its meta-analysis of seven cohort studies found a similar negative 
effect of LDL cholesterol level (Law et al., 2003). Polyunsaturated fat is the 
predominant part of the fat in soybeans. The current evidence suggested that using 
polyunsaturated fat as the major source of fat intake could lower serum LDL 
cholesterol level, and thus can reduce the risk of ischemic stroke.  
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2.6.4 Soy diet 
As discussed above, both soy protein and soy polyunsaturated fat have beneficial 
effects in terms of improving blood profile and preventing atherosclerosis. Regular 
consumption of soy food products as a major source of protein and fat, while 
reducing meat consumption, is likely to lower the risk of ischemic stroke in the long-
term. A meta-analysis found that drinking soymilk together with a soy diet have a 
stronger effect than soy supplements in reducing blood cholesterol (Balk et al., 2005). 
This observation may be explained by a higher reduction of meat consumption among 
subjects who drank soymilk and had a soy diet than others who were on control or 
usual diet (Ashton & Ball, 2000; Azadbakht et al., 2003; Wong et al., 1998). Only 
one epidemiological study reported an association between soy food intake and risk 
of ischemic stroke (Fang, Foo, Fung, Wylie-Rosett, & Alderman, 2006). This hospital 
based case-control study investigated the variation in prevalence of food intake 
between 187 stroke cases and 204 controls, all of whom were Chinese living in New 
York. The crude odds ratio of stroke was 0.35 (95% confidence interval 0.19 to 0.65) 
for eating soybeans more than 3 times per week, compared to those consuming less 
than that amount (Fang et al., 2006). The corresponding adjusted odds ratio of 0.72 
(95% confidence interval 0.34 to 1.04) was at marginal significant level in the 
multivariate model. More epidemiological studies are clearly needed to test the 
protective role of soy diet in stroke prevention. Therefore, another objective of PhD 
study was to investigate the effect of habitual soy food intake on the risk of ischemic 
stroke. 
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2.7 Reliability of dietary and lifestyle information obtained from spouses 
This PhD study, similarly to other nutritional studies targeting the elderly population, 
relies on information from stroke patients, but some patients have cognitive or 
linguistic impairments as a result of a stroke. Excluding subjects with cognitive 
impairments would lead to substantial bias (Jacomb, Jorm, Korten, Christensen, & 
Henderson, 2002). Under such circumstances, the standard approach is to solicit 
information from their next-of-kin (Humble, Samet, & Skipper, 1984; Kolonel, 
Hirohata, & Nomura, 1977).  
 
Dietary, lifestyle and health information obtained from proxy has been investigated in 
developed countries. The recent Canadian study by Nadalin et al found good 
agreement between colon cancer patients and their spouse or relatives with respect to 
medical history, physical activity, alcohol intake and vitamin use (Nadalin, Cotterchio, 
McKeown-Eyssen, & Gallinger, 2003). Another study in the U.S. also observed good 
agreement between index persons and their spouses on consumption of various food 
items (Medical Research Council Cognitive Function and Ageing Study, 2000a, 
2000b).  
 
The literature suggested that a long period of living together is an important factor to 
provide reliable proxy information (Kolonel et al., 1977; Medical Research Council 
Cognitive Function and Ageing Study, 2000a, 2000b). Compared with Western 
nations, the divorce and separation rates in China are relatively low and the majority 
of couples live together for a long time after marriage. In particular, older couples 
become familiar with each other’s dietary preferences and lifestyle habits after years 
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of living together. The spouse can be considered as a reliable proxy or surrogate 
subject when his/her partner is unable to provide accurate responses on these issues. 
Moreover, a study was conducted to test the reliability of diet and lifestyle 
information from spouses (Wenbin Liang, Binns, Lee, Huang, & Hu, 2008). Good 
agreement between the index person and his/her spouse was observed for both dietary 
information and lifestyle information confirming that dietary and lifestyle information 
supplied by the spouse could well describe those of the index person (Wenbin Liang 
et al., 2008). Further discussion on the reliability of proxy information is given in 
chapter 5, section3. 
Literature review 
35 
 
2.8 Summary 
Ischemic stroke is caused by sudden occlusion of arteries that provide blood supply to 
the brain. An occlusion (thrombus) can develop at the site of the artery being affected 
or an embolus can develop at another part of the circulation, and travel to the artery 
where it causes the obstruction.  
 
The risk of ischemic stroke is strongly associated with age. The positive association 
between age and the risk of ischemic stroke was observed in large-scale population-
based cohort studies. The risk of ischemic stroke is generally higher in males than in 
females before the age of 75. The overall standardized male-to-female relative risk of 
ischemic stroke was estimated to be 1.34. 
 
Ischemic stroke and coronary heart disease are both atherosclerotic vascular diseases. 
The present of coronary heart disease is a marker for atherosclerotic progression in 
the cardiovascular system, and therefore patients with a coronary heart disease have 
an increased risk of ischemic stroke. 
 
High serum level of LDL cholesterol was found to be associated with an increased 
risk of ischemic stroke in a number of randomized clinical controlled trials and 
prospective cohort studies. 
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The effect of blood pressure on stroke risk varies by age. A higher SBP or higher 
DBP is always associated with an increased risk of ischemic stroke for population at 
all ages. 
 
Patients with diabetes are more likely to have hypertension, obesity, increased serum 
levels of LDL cholesterol, and increased risk of atherosclerosis, therefore having an 
increased risk of ischemic stroke. 
 
Cigarette smoking was found to be an independent risk factor for ischemic stroke in 
numerous large-scale epidemiological studies. 
 
Obese subjects are more likely to have a higher serum level of cholesterol, higher 
prevalence of hypertension, and higher prevalence of diabetes and an increased risk 
of ischemic stroke. 
 
Heavy alcohol consumption (≥ 5 standard drinks daily) has been considered to be 
associated with increased risk of ischemic stroke. 
 
Physical activity is associated with an increased risk of obesity. Some studies from 
developed countries found an increased level of physical activity is associated with a 
lower risk of stroke. However, there have been no published reports on the 
association between physical activity and risk of ischemic stroke among ethnic 
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Chinese populations. Therefore, this PhD study was conducted to investigate the 
effect of habitual physical activity on the risk of ischemic stroke. 
 
There is some evidence which suggested that soy diet can reduce serum LDL level, 
increase serum HDL level and reduce blood pressure. The potential role of soy diet in 
stroke prevention is unclear. Therefore, this PhD study was conducted to investigate 
the effect of habitual soy foods intake on the risk of ischemic stroke. 
 
Experimental studies suggested that tea drinking may protect again ischemic stroke. 
Evidence from previous epidemiological studies is still inadequate to determine the 
role of tea intake on the risk of ischemic stroke. Therefore, this PhD study was 
conducted to investigate the effect of habitual tea consumption on the risk of ischemic 
stroke. 
 
A long period of living together is important for providing reliable proxy information 
for both habitual diet and lifestyle. Good agreement between the index person and 
his/her spouse was observed for both dietary information and lifestyle information in 
the studied region. Therefore, the use of proxies is justified in the current study. 
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3. Methodology 
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3.1 Overview 
This chapter presents the methodology of the main case-control study of this PhD 
study. The study location is described in section 3.2. Section 3.3 presents the study 
design and procedure. Section 3.4 discusses the sample size calculation, and the 
sample included in the data analyses. In section 3.5, questionnaire and measurements 
of exposure used in this study are discussed. Statistical analysis methods are 
presented in section 3.6, followed by the discussion of ethical issues in section 3.7. 
 
Materials presented in this chapter have been published in the three peer-reviewed 
journal articles listed below: 
 
1. Liang, W, Lee, AH, Binns, CW, Huang, R, Hu, D & Zhou, Q 2009, 'Tea 
 consumption and ischemic stroke risk: A case-control study in southern China', 
 Stroke, vol. 40, no. 7, pp. 2480-5. 
.  
2. Liang, W, Lee, AH, Binns, CW, Huang, R, Hu, D & Shao, H 2009, 'Soy 
consumption reduces risk of ischemic stroke: A case-control study in southern 
China', Neuroepidemiology, vol. 33, no. 2, pp. 111-6. 
 
3. Liang, W, Lee, AH, Binns, CW, Zhou, Q, Huang, R & Hu, D 2009, 'Habitual 
physical activity reduces risk of ischemic stroke: A case-control study in 
southern China', Cerebrovascular Diseases, vol. 28, no. 5, pp. 454-9. 
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3.2 Study location 
This hospital-based case-control study was conducted in Foshan City, located in 
Guangdong Province of southern China. The locations of Guangdong Province and 
Foshan City are showed in Figure 1. Foshan City covers a built-up area of 3848.49 
square kilometres, and the population of Foshan residents was 3.58 million in 2006. 
The gross domestic product of the city was 292.672 billion Chinese Yuan in 2006 
(Summary of Foshan statistic in 2006, 2006).  
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Figure 1 Location of Guangdong Province and Foshan City (maps.google.com.au) 
 
 
Guangdong Province 
Foshan City 
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3.3 Study design and procedure 
A case-control study was conducted between July 2007 and July 2008. There are five 
Teaching Hospitals in Foshan City. Three of these hospitals located in Chancheng 
District, one located in Shunde District and one located in Nanhai District. In this 
study, subjects were recruited from three teaching hospitals of Foshan City, namely: 
First People’s Hospital of Shunde in Shunde District, First People’s Hospital of 
Nanhai in Nanhai District and Second People’s Hospital of Foshan in Chancheng 
District. Cases were incident ischemic stroke patients referred from Neurology 
Departments’ inpatient wards. The controls were recruited from outpatient clinics of 
the Departments of Gastroenterology, Dermatology, Chinese Medicine, Urology and 
Otolaryngology. To be eligible, subjects must have resided in Foshan for at least the 
past five years. Selection criteria for ischemic stroke cases were: sudden onset of 
focal neurological event, with symptoms lasting for more than 24 hours and 
subsequent confirmation of infarct in the brain by CT or MRI, and no previous 
history of stroke. Only patients with first-ever ischemic stroke (thrombotic or 
embolic) were considered. Fatal cases due to stroke were excluded because of ethical 
constraints and difficulties in obtaining history and their consent. An eligible control 
had neither history nor clinical evidence indicating previous stroke, and whose 
treatment at the outpatient department was not related to any cardiovascular disease, a 
malignant tumour, or diabetes. Subjects with a diagnosis of Alzheimer’s disease were 
also excluded. Controls were frequency matched to cases within 5 years of age and 
recruited during the same period as cases. 
 
The neurology wards of the three hospitals notified the researcher within two days 
upon admission of an incident ischemic stroke patient. An appointment for interview 
Methodology 
43 
 
was then arranged within ten days or before discharge from hospital. Controls were 
recruited and interviewed by the researcher whenever available. All subjects were 
assured of the confidentiality of all information obtained and their right to withdraw 
without prejudice at any time during the study. After participants were briefed about 
the nature and the objective of the study they were asked to give their formal consent. 
The interviews, averaging 45 minutes in duration, took place in the neurology wards 
for cases and outpatient clinics for controls. When a patient was unable to provide 
answers as a result of the morbidity from stroke, his or her next-of-kin was 
interviewed instead. The validity and reliability of using such proxy information was 
investigated in detail (Wenbin Liang et al., 2008). For more details please refer to 
section 2.7 in the literature review chapter. A number of epidemiology studies have 
also validated the gathering of information though proxies (Jamrozik, Broadhurst, 
Anderson, & Stewart-Wynne, 1994; A. G. Thrift, McNeil, Forbes, & Donnan, 1996; 
White et al., 2000).  
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3.4 Sample size and participants 
One main objective of this study was to assess the association between tea 
consumption and risk of ischemic stroke. The required sample size was determined 
by assuming that 30% of Chinese adults drank two or more cups of tea daily and the 
relative risk of ischemic stroke being 0.5 at such level of intake (Kuriyama et al., 
2006). For a one to one case-control ratio at 5% level of significance, the sample size 
needed to attain 90% power was 338 per group. To further account for refusal and 
withdrawal, 500 eligible cases and 600 age-matched controls were approached and 
invited to participate in the study. These cases and controls were frequency matched 
by age (within 5-year of cases). A total of 427 cases and 512 controls signed the 
consent form and agreed to participate. 53 cases and 48 controls withdrew some time 
during the interview, or have been found with large proportion of missing data during 
data screening were excluded from the sample for data analysis. As a result, a sample 
of 374 stroke patients and 464 controls was achieved for data analysis, representing 
an eventual response rate of 74.8% and 77.3%, respectively. There were no 
significant differences in age and gender distributions between those who consented 
and those who declined or withdrew to participate. 
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3.5 Questionnaire and exposure measurements 
A structured questionnaire, which combined questions from Hangzhou cancer studies 
previously undertaken in China (Jian, Shen, Lee, & Binns, 2005; Jian, Xie, Lee, & 
Binns, 2004) and the modified semi-quantitative food frequency questionnaire 
developed by Song et al (Ke et al., 2005; Song et al., 2005), was administered 
through face-to-face interviews. A copy of the English version of the questionnaire is 
given in Appendix C. This semi-quantitative food frequency questionnaire developed 
and tested for the southern Chinese population. This validated instrument included 
125 items covering commonly consumed foods in southern China and recorded both 
frequency and amount of intake in detail (Ke et al., 2005; Song et al., 2005). 
 
Demographic and lifestyle characteristics solicited included age, gender, weight (kg), 
height (m), education level (primary school; secondary school or above), smoking 
status (non-smoker; current/former smoker) and pack-years, and alcohol drinking 
status (non-drinker; drinker). Self-reported height and weight measurements, and 
health conditions such as the presence of hypertension, hyperlipidemia and diabetes, 
were confirmed with medical records whenever available. 
 
Information on habitual food consumption, including soy food intake, was collected 
using the food frequency questionnaire. The reference recall period was set at one 
year before interview. For soy food products, subjects were asked to report their 
frequency of habitual intake (0-2 times per year, 3-10 times per year, once per month, 
2-3 times per month, once per week, 2-3 times per week, 4-6 times per week, once 
per day, two times per day, three or more times per day), and estimate the average 
quantity consumed in terms of “liang” (50 grams) per time. 
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Specific questions on tea drinking were taken from a prostate cancer study conducted 
in Hangzhou with established reliability and reproducibility (Jian et al., 2004). 
Subjects were first classified as “ever” or “never” tea drinkers (< once per month). 
The ever-drinkers were asked to report their frequency of habitual intake (1-4 cups 
per month; 2-4 cups per week; 1 cup per day; 2-3 cups per day; 4-5 cups per day; 6-7 
cups per day, > 7 cups per day), duration of regular tea drinking (in years), types of 
tea drank (green, black and oolong), and average quantity of dried tea leaves used for 
brewing tea in “jin” (500 grams) and “liang” (50 grams) per year. Frequency of liquid 
tea consumed was measured in terms of a standard cup (180 ml). The common 
method of preparation was to brew dry tea leaves using hot water without milk and 
sugar. For those who drank more than one type of tea, their reported ratio of 
consumption was used to estimate the respective frequency and amount of dried tea 
leaves for each type. 
 
Information on habitual physical activity was solicited using the validated 
questionnaire for cancer studies in Hangzhou, China (Jian et al., 2005). Participants 
were asked to report the number of hours engaging in different levels of physical 
activity per week during the last year: (i) strenuous sports including jogging, 
bicycling on hills, tennis, racquet ball, swimming, aerobics; (ii) vigorous work 
including moving heavy furniture, shovelling, weight lifting, loading/ unloading 
trucks, or equivalent manual labour; (iii) moderate activity including housework, 
brisk walking, golfing, bowling, bicycling on level ground, gardening, walking and 
taichi (Jian et al., 2005). A further question on ‘life-long physical activity 
involvement’ was appended to the questionnaire, defined as “doing active sports or 
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vigorous exercise long enough to get sweaty, at least twice a week”, over the entire 
life course. Response options were: never been much involved; previously active but 
not anymore; active just recently; intermittently active; always been involved 
(O’Brien Cousins & Tan, 2002).  
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3.6 Statistical analysis 
3.6.1 Descriptive statistics 
Data from the completed questionnaires and other sources were first entered into 
Excel spreadsheets. The STATA statistical package version 10 (Stata Corporation, 
Texas, USA) was then used for analysis. After data screening and cleaning, univariate 
descriptive statistics were first applied to examine the demographic characteristics of 
the sample, distribution of outcome variables on tea drinking, soy foods intake, and 
physical activity levels. Comparisons were made between case and control groups 
using t test for continuous variables and chi-square test for categorical variables. 
 
3.6.2 Tea drinking 
To investigate the effects of tea consumption on the ischemic stroke risk, separate 
unconditional logistic regression analyses were performed for frequency of intake, 
duration of drinking and quantity of tea leaves brewed. Tea drinking frequency were 
re-classified into four levels (< 1 cup per week; 1-6 cups per week; 1-2 cups per 
day; > 2 cups per day), with the lowest level of intake served as the reference 
category. For total and type-specific tea leaves used, the 33th percentile and 66th 
percentile of these continuous variables among drinkers in the control group were 
used as cut-points, resulting in three increasing levels of exposure, and less than one 
liang (50 grams) per year was taken as the reference category. To further assess the 
dose-response relationship between long-term tea exposure and the stroke risk, tests 
for linear trend were conducted for years of drinking, total and type-specific tea 
leaves brewed, treating them as continuous variables. Both crude and adjusted odds 
ratios and associated 95% confidence intervals were reported. Besides tea 
Methodology 
49 
 
consumption, independent variables included in the logistic regression models were 
age, gender, education level, body mass index (BMI < 24 or ≥ 24 kg/m2), lifelong 
physical activity involvement, smoking status, smoking pack-years, alcohol drinking 
status, presence of hypertension, hyperlipidemia and diabetes, together with weekly 
dietary intake of meat, fish, poultry, fruit and vegetables. These variables were either 
plausible risk factors from the literature or considered potential confounders 
according to the univariate statistical analysis. To categorize tea leaf consumption (all 
types and each specific tea type), we use 33th percentile and 66th percentile for each 
of these continuous variables among drinkers in the control group as the cut-off 
points, and formed 3 different levels of exposure groups. Less than one “liang” (50 
grams) per year was taken as the reference category. For categorize total years of tea 
drinking, subjects drink tea for less than one year were taken as the reference group, 
while 33 percentile and 66 percentile for each of these continuous variables among 
drinkers in the control group as the cut-off points. This formed 3 different levels of 
exposure groups. 
 
3.6.3 Soy food consumption 
Logistic regression analyses were next performed to investigate the effects of total 
and specific soy foods on the ischemic stroke risk. Total soy intake was defined as the 
sum of weekly consumption of dried soybeans, tofu and soymilk. Bean sprouts and 
dried tofu were excluded in the calculation of total soy intake because they were 
seldom consumed and typically served as accomplice of a dish in southern China. 
Similarly, soy sauce was mainly added during cooking and thus difficult to quantify 
the exact amount consumed. For each of the four soy consumption variables, the 50th 
percentile among controls was used as the cut-point, resulting in two increasing levels 
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of exposure, whereas less than one liang (50 grams) per week was taken as the 
reference category. In addition to reporting crude and adjusted odds ratios and 
associated 95% confidence intervals, tests for overall significance and linear trend 
were conducted to assess the dose-response relationship between habitual soy 
consumption and the stroke risk. Other independent variables included in the logistic 
regression models were age, gender, education level, body mass index (BMI < 24 or 
≥ 24 kg/m2), lifelong physical activity exposure, smoking status, smoking pack-years, 
alcohol drinking status, presence of hypertension, hyperlipidemia and diabetes, 
together with weekly dietary intake of red meat, fish, poultry, fruit and vegetables.  
3.6.4 Physical activity 
In order to account for the large variation of physical activity levels across age groups, 
subgroup of the 285 cases and 383 controls within the age range of 50-75 years were 
selected for subsequent analyses. 
 
Unconditional logistic regression analyses were then performed to estimate the 
effects of habitual physical activity on the ischemic stroke risk. For each physical 
activity variable, the 50th percentile among controls was used as the cut-point, 
resulting in two increasing levels of exposure, whereas less than one hour per week 
was taken as the reference category. The effect of total physical activity involvement, 
expressed in terms of metabolic equivalent tasks (MET)-hours per week, was 
considered in a separate model. The MET is the ratio of metabolic rate during the 
activity compared with the metabolic rate during rest. Following the standard scoring 
mechanism (Ainsworth et al., 2000), intensity codes 7.0, 8.0 and 3.5 MET were 
assigned for strenuous sports, vigorous work and moderate activity, respectively. For 
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each participant, total MET-hours of reported physical activities per week were then 
calculated by summing his/her MET scores across the three levels of physical 
activity. This continuous variable was further classified into four levels based on the 
distribution of controls, with the lowest level of engagement served as the reference 
category. 
 
In addition to reporting crude and adjusted odds ratios and associated 95% confidence 
intervals, tests for linear trend were conducted to assess the dose-response 
relationship between habitual physical activity and the stroke risk. Other independent 
variables included in the logistic regression models were age, gender, education level, 
body mass index (BMI < 24 or ≥ 24 kg/m2), smoking status, smoking pack-years, 
alcohol drinking status, presence of hypertension, hyperlipidemia and diabetes, 
together with weekly dietary intake (grams) of red meat, fish, poultry, fruit and 
vegetables. 
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3.7 Ethical considerations 
3.7.1 Confidentiality  
The confidentiality of all information obtained was maintained throughout the study 
and data analysis. The completed questionnaires and personal data gathered were 
identified by a confidential code known only to the investigators. Aggregated data 
rather than individual data were being reported for statistical and publication purposes. 
Records are and will be kept in locked cupboards at Curtin University for 5 years. 
Data collection agreements from the three hospitals had been obtained. Clearance was 
obtained from Curtin University's Human Research Ethics Committee, and the 
reference number of the approval letter is HR 17/2007. A copy of the Approval Letter 
is given in Appendix A.  
3.7.2 Consent  
Subjects were informed about the aims and assured confidentiality of their 
participation in the study. An information sheet together with a consent form was 
provided to each subject; see Appendix B. Written agreement to participate was 
obtained from each consented participant. After participants were enrolled in the 
study, they were able to withdraw at any time or terminate the interview without any 
negative consequences. An appointment for the hospital-based interview was made 
after obtaining formal consent from each subject and/or their next-of-kin. 
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4. Results 
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4.1 Overview of this chapter 
The results of the study are presented in this chapter. Firstly, the characteristics of the 
sample are described in section 4.2. Demographic characteristics, general dietary 
intakes, tea drinking, soy foods consumption, and physical activities levels are 
compared between cases and controls. Secondly, the results of multivariate analyses 
of tea drinking and risk of ischemic stroke are presented in section 4.3. Thirdly the 
results of multivariate analyses of soy food intake and risk of ischemic stroke are 
presented in section 4.4, followed by the results of multivariate analyses of physical 
activities and risk of ischemic stroke in section 4.5. 
 
Most of this chapter have been published in the three papers listed below: 
 
1. Liang, W, Lee, AH, Binns, CW, Huang, R, Hu, D & Zhou, Q 2009, 'Tea 
 consumption and ischemic stroke risk: A case-control study in southern China', 
 Stroke, vol. 40, no. 7, pp. 2480-5. 
.  
2. Liang, W, Lee, AH, Binns, CW, Huang, R, Hu, D & Shao, H 2009, 'Soy 
consumption reduces risk of ischemic stroke: A case-control study in southern 
China', Neuroepidemiology, vol. 33, no. 2, pp. 111-6. 
 
3. Liang, W, Lee, AH, Binns, CW, Zhou, Q, Huang, R & Hu, D 2009, 'Habitual 
 physical activity reduces risk of ischemic stroke: A case-control study in 
 southern China', Cerebrovascular Diseases, vol. 28, no. 5, pp. 454-9. 
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4.2 Sample characteristics 
Table 3 profiles the characteristics of the participants. Both age and BMI were similar 
between case and control groups across genders. A higher prevalence of hypertension 
(p = 0.001 for both genders) and diabetes (p = 0.001 for both genders) was found 
among the stroke patients. The prevalence of hyperlipidemia was higher among 
stroke patients than among the controls for men (p = 0.001 for male), but it was 
similar among stroke patients in women (p = 0.169 for female). Stroke patients 
tended to smoke (p = 0.001 for male, p = 0.067 for female) when compared with 
control subjects.  
 
Table 3 also compare tea drinking behaviours between case and control groups across 
genders. According to univariate t-tests, the consumptions of total, green and oolong 
tea leaves for brewing tea by controls were higher than those by stroke patients in 
both genders (p < 0.05), with the exception of black tea leaves (p = 0.104 for male, p 
= 0.752 for female). Control subjects appeared to have a longer exposure to tea as 
evident in their significantly higher mean duration of tea drinking (p < 0.05) than the 
case group. The data also revealed that men generally consumed more tea leaves for 
brewing and had longer history of tea drinking than women (p = 0.001).  
 
Table 4 compares the dietary intake between the cases and the controls. According to 
univariate t-tests, the weekly mean consumptions of fruits (p = 0.001), and vegetables 
(p = 0.001) were significantly lower among cases than controls, while the reported 
mean intakes of red meat (p = 0.517), poultry (p = 0.95), and fish (p = 0.591) were 
similar between the two groups. The consumption of the three main types of soy 
Results 
56 
 
foods, namely soybean, soymilk and tofu, were significantly lower among cases than 
controls. 
 
As it is showed in Table 5, stroke patients were also reported to be less active over 
their life course (p < 0.05). In relation to physical activity level over the last year, the 
controls tended to engage in longer duration of strenuous sports (p = 0.001) and 
moderate activities (p = 0.001) than the cases. In particular, the average weekly MET-
hours from all physical activities were significantly less among the ischemic stroke 
patients than the controls (p < 0.05). 
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Table 3 Characteristic of subjects by gender and case-control status 
 Male (n=474) Female (n=364) 
Variable* Case  
(n=226) 
Control 
(n=248) 
Case 
(n=148) 
Control 
(n=216) 
Age (years) 69.6 (8.0) 68.7 (7.0) 69.1 (9.2) 69.0 (9.0) 
BMI (kg/m2)$ 22.9 (2.7) 23.1 (3.0) 21.5 (3.6) 22.8 (3.6) 
Primary school education: n (%)# 104 (46%) 88 (35.5%) 82 (55.4%) 103 (47.7%) 
Hypertension: n (%)#$ 119 (52.7%) 71 (28.6%) 76 (51.4%) 60 (27.8%) 
Hyperlipidemia: n (%)# 51 (22.6%) 23 (9.3%) 17 (11.5%) 36 (16.7%) 
Diabetes: n (%)#$ 48 (21.2%) 8 (3.2%) 31 (21%) 4 (1.9%) 
Alcohol drinker: n (%)#$ 157 (69.5%) 147 (59.3%) 13 (8.8%) 43 (19.9%) 
Smoker: n (%)# 162 (71.7%) 139 (56.1%) 15 (10.1%) 11 (5.1%) 
Smoking pack-years 18.5 (22.1) 17.1 (22.2) 1.3 (6.8) 1.0 (5.5) 
Duration of tea drinking 
(years)#$ 
16.2 (15.8) 19.6 (16.6) 6.4 (11.7) 10.3 (14.5) 
Dried tea leaves brewed (jin/year) 
 all types#$ 4.2 (4.5) 6.2 (6.1) 1.5 (3.0) 2.5 (3.5) 
 green tea#$ 0.8 (2.2) 2.4 (4.1) 0.4 (1.6) 1.1 (2.5) 
 black tea 2.4 (4.0) 1.8 (3.9) 0.8 (2.0) 0.8 (1.9) 
 oolong tea#$ 0.8 (2.5) 1.7 (3.5) 0.2 (0.9) 0.5 (1.5) 
* Mean (SD) unless indicated as n (%) 
#significant difference between cases and controls in males 
$significant difference between cases and controls in females 
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Table 4 Comparison of dietary intake between case and control groups 
Variable* Case  Control  t test 
Fruit consumption  478.3 (621.1) 971.4 (806.7) p = 0.001 
Vegetable consumption  2124.4 (943.4) 2680.1 (1134.6) p = 0.001 
Red meat consumption  599.0 (444.1) 580.0 (402.7) p = 0.517 
Poultry consumption  254.3 (278.0) 253.1 (271.5) p = 0.949 
Fish consumption  652.5 (503.8) 672.7 (570.6) p = 0.591 
Total soy consumption  89.9 (239.3) 267.7 (426.1) p = 0.001 
Soybean  5.6 (27.8) 26.6 (74.9) p = 0.001 
Tofu  49.9 (131.9) 86.6 (153.3) p = 0.001 
Soymilk 34.5 (180.1) 154.5 (360.2) p = 0.001 
* Mean (SD) in grams/week 
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Table 5 Lifelong physical activity involvement and physical activity levels over the 
last year by gender and case-control status 
 Male  Female 
 
Variable* 
Case  
 
Control 
 
Case 
 
Control 
 
Lifelong physical activity: n 
(%)#$ 
    
 never been involved 71 (31.4%) 56 (22.6%) 60 (40.5%) 63 (29.2%) 
 previously but not anymore 84 (37.2%) 53 (21.4%) 39 (26.4%) 49 (22.7%) 
 active just recently 12 (5.3%) 15 (6.1%) 10 (6.8%) 19 (8.8%) 
 intermittently active 22 (9.7%) 29 (11.7%) 6 (4.1%) 25 (11.6%) 
 always been involved 37 (16.4%) 95 (38.3%) 33 (22.3%) 60 (27.8%) 
     
Strenuous sports (min/week)# 35.5 (111.3) 85.6 (174.1) 23.3 (71.2) 50.9 (168.3) 
Vigorous work (min/week) 59.2 (257.6) 73.1 (288.1) 95.8 (353.3) 79.4 (325.6) 
Moderate activity (min/week)#$ 299.7 (307.0) 463.9 (438.4) 339.1(328.4) 547.2 (440.4) 
Total physical activity (MET-
hours/week)# 
21.0 (37.8) 30.7 (40.3) 25.2 (45.9) 29.0 (44.9) 
* Mean (SD) unless indicated as n (%) 
#significant difference between cases and controls in males 
$significant difference between cases and controls in females 
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4.3 Tea drinking and risk of ischemic stroke 
Results of univariate and multivariate logistic regression analyses for tea drinking 
frequency are shown in Table 6. The p values were obtained by likelihood ratio test 
for testing the overall significance of each categorical tea drinking variable in the 
multivariate models. Overall a decrease in ischemic stroke risk was observed for 
those who drank at least one cup of tea per week (p = 0.015), when compared with 
infrequent or non-drinkers; the largest reduction in risk can be achieved by drinking 
1-2 cups daily. In terms of type-specific frequency, the consumptions of green tea and 
oolong tea were significant (p < 0.001) but not black tea (p = 0.73). In the 
multivariate logistic regression analyses, separate models for total and each type of 
tea were used, and models adjusted for age, gender, BMI, education level, lifelong 
physical activity involvement, smoking status, smoking pack-years, alcohol drinking 
status, presence of hypertension, hyperlipidemia and diabetes, and weekly dietary 
intake of meat, fish, poultry, fruit and vegetables.  
 
Table 7 presents the effects of cumulative tea exposure and quantity of dried tea 
leaves brewed. In the multivariate logistic regression analyses, separate models for 
total and each type of tea were used, and models adjusted for age, gender, BMI, 
education level, lifelong physical activity involvement, smoking status, smoking 
pack-years, alcohol drinking status, presence of hypertension, hyperlipidemia and 
diabetes, and weekly dietary intake of meat, fish, poultry, fruit and vegetables. 
Significant inverse association with the ischemic stroke risk was evident for the 
drinking duration, especially adults who had been drinking tea for over 30 years 
(adjusted OR = 0.40, 95% CI 0.25 to 0.64). With regard to tea leaf usage, the dose-
response relationship was significant overall (p for trend < 0.001). In particular, those 
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whose average yearly consumption of green tea leaves exceeded 3.2 kg exhibited the 
greatest reduction in stroke risk (adjusted OR = 0.12, 95% CI 0.05 to 0.29). However, 
black tea appeared less beneficial than green and oolong teas, and indeed a slight 
albeit non-significant increase in ischemic stroke risk was found among drinkers 
using in excess of 1.9 kg of black tea leaves for brewing per year. Higher 
consumption of green tea and oolong tea leaves ware shown to be associated with 
lower risk of ischemic stroke after adjusted for confounding factors.” 
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Table 6 Risk of ischemic stroke for frequency of tea drinking 
  
Frequency 
Case 
n (%) 
Control 
n (%) 
Crude 
OR 95% CI 
Adjusted 
OR 95% CI 
Total tea intake   p = 0.015 
 <1 cup/week 199 
(53.2%) 
192 
(41.4%)       
 1-6 cups/week  22 (5.9%) 34 (7.3%) 0.62 0.35 1.11 0.55 0.28 1.10
 1-2 cups/day 45 (12.0%) 111 
(23.9%) 
0.39 0.26 0.58 0.30 0.19 0.49
 >2 cups/day 108 
(28.9%) 
127 
(27.4%) 
0.82 0.59 1.13 0.61 0.40 0.94
Green tea  p < 0.001 
 <1 cup/week 199 
(81.9%) 
193 
(58.0%) 
      
 1-6 cups/week  8 (3.3%) 23 (6.9%) 0.34 0.15 0.77 0.35 0.13 0.95
 1-2 cups/day 8 (3.3%) 52 (15.6%) 0.15 0.07 0.32 0.12 0.05 0.29
 >2 cups/day 28 (11.5%) 65 (19.5%) 0.42 0.26 0.68 0.28 0.15 0.53
Black tea  p = 0.73 
 <1 cup/week 199 
(62.0%) 
194 
(58.1%) 
      
 1-6 cups/week  17 (5.3%) 32 (9.6%) 0.52 0.28 0.96 0.41 0.20 0.87
 1-2 cups/day 36 (11.2%) 63 (18.9%) 0.56 0.35 0.88 0.43 0.25 0.76
 >2 cups/day 69 (21.5%) 45 (13.5%) 1.49 0.98 2.29 1.24 0.71 2.15
Oolong tea  p < 0.001 
 <1 cup/week 199 
(84.3%) 
192 
(63.6%) 
      
 1-6 cups/week  8 (3.4%) 21 (7.0%) 0.36 0.16 0.84 0.28 0.10 0.80
 1-2 cups/day 12 (5.1%) 46 (16.1%) 0.25 0.13 0.48 0.25 0.11 0.56
 >2 cups/day 17 (7.2%) 44 (14.2%) 0.37 0.21 0.68 0.21 0.09 0.50
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Table 7 Risk of ischemic stroke for tea drinking duration and the amount of dried tea 
leaves brewed  
 
Tea intake 
Case 
 n (%) 
Control  
n (%) 
Crude 
OR 
95% CI Adjusted 
OR 
95% CI 
       
Tea drinking 
duration 
p for trend < 0.001 
 < 1 175 (46.8%) 163 (35.2%)       
 1-14 50 (13.4%) 99 (21.4%) 0.47 0.31 0.70 0.43 0.26 0.70 
 15-29 69 (18.5%) 75 (16.2%) 0.86 0.58 1.27 0.68 0.42 1.10 
 ≥ 30 80 (21.4%) 126 (27.2%) 0.59 0.42 0.84 0.40 0.25 0.64 
Total tea leaves 
(liang/year) 
p for trend < 0.001 
 < 1 175 (47.7%) 165 (36.1%)       
 1-39 59 (16.1%) 88 (19.3%) 0.63 0.43 0.94 0.62 0.39 1.00 
 40-79 89 (24.3%) 99 (21.7%) 0.85 0.59 1.21 0.59 0.37 0.93 
 ≥ 80 44 (12.0%) 105 (23.0%) 0.40 0.26 0.60 0.27 0.16 0.46 
Green tea 
leaves 
 
 < 1 186 (80.2%) 174 (54.7%)       
 1-32 16 (6.9%) 42 (13.2%) 0.36 0.19 0.66 0.31 0.15 0.65 
 33-63 19 (8.2%) 53 (16.7%) 0.34 0.19 0.59 0.25 0.12 0.51 
 ≥ 64 12 (4.7%) 49 (15.4%) 0.21 0.11 0.42 0.12 0.05 0.29 
Black tea 
leaves 
p for trend = 0.72 
 < 1 191 (60.1%) 175 (53.4%)       
 1-19 18 (5.7%) 31 (9.5%) 0.53 0.29 0.98 0.60 0.28 1.29 
 20-37 33 (10.4%) 70 (21.3%) 0.43 0.27 0.69 0.40 0.23 0.70 
 ≥ 38 76 (23.9%) 52 (15.9%) 1.34 0.89 2.01 1.05 0.62 1.78 
To be continued        
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Continued       
 
Tea intake 
Case 
n (%) 
Control 
n (%) 
Crude 
OR 
95% CI Adjusted 
OR 
95% CI 
Oolong tea 
leaves 
p for trend = 0.007 
 < 1 186 (83.0%) 174 (60.6%)       
 1-24 6 (2.7%) 33 (11.5%) 0.23 0.09 0.58 0.22 0.08 0.63 
 25-49 16 (7.1%) 40 (14.0%) 0.21 0.09 0.53 0.26 0.09 0.76 
 ≥ 50 16 (7.1%) 40 (14.0%) 0.32 0.10 1.03 0.33 0.09 1.24 
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4.4 Soy food consumption and risk of ischemic stroke 
Results of univariate and multivariate logistic regression analyses for total and 
specific soy foods are presented in Table 8. In the multivariate analysis separate 
models for total and each type of soy food were used, and models adjusted for age, 
gender, BMI, education level, lifelong physical activity involvement, smoking status, 
smoking pack-years, alcohol drinking status, presence of hypertension, 
hyperlipidemia and diabetes, and weekly dietary intake of red meat, fish, poultry, 
fruit and vegetables.  
 
Significant inverse association with the ischemic stroke risk was evident for total soy 
consumption, with adjusted OR = 0.23 (95% CI 0.14 to 0.39) for those exceeding 
300g of intake per week. The corresponding dose-response relationship was also 
significant (p for trend = 0.001). The beneficial effects of soybean and soymilk were 
more prominent than tofu, though the results suggested that habitual consumption of 
all three types of soy food could lead to substantial reductions in stroke risk after 
controlling for confounding variables. 
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Table 8 Risk of ischemic stroke for soy food consumption 
 
Soy 
consumption 
Case 
n (%) 
Control 
n (%) 
Crude 
OR 
95% CI Adjusted 
OR 
95% CI 
Total soy foods 
(g/week) 
p < 0.001     p for trend = 0.001 
 < 50 245(65.5) 189 (41.0)       
 50-299 103 (27.5) 135 (29.2) 0.59 0.43 0.81 0.63 0.43 0.92 
 ≥ 300 26 (7.0) 138 (29.9) 0.15 0.09 0.23 0.23 0.14 0.39 
Dried soybean 
(g/week) 
p < 0.001     p for trend = 0.001 
 < 50 349 (93.3) 355 (76.5)       
 50-61 17 (4.6) 58 (12.5) 0.30 0.17 0.52 0.33 0.17 0.64 
 ≥ 62 8(2.1) 51(11.0) 0.16 0.07 0.34 0.20 0.09 0.48 
Tofu (g/week) p = 0.008     p for trend = 0.059 
 < 50 270 (72.2) 
 
269 (58.0)       
 50-124 58 (15.5) 90 (19.4) 0.64 0.44 0.93 0.68 0.44 1.06 
 ≥ 125 46 (12.3) 105 (22.6) 0.44 0.30 0.64 0.56 0.36 0.89 
Soymilk 
(g/week) 
p < 0.001     p for trend = 0.001 
 < 50 349(93.3) 344 (74.5)       
 50-124 19 (5.1) 83 (18.0) 0.23 0.13 0.38 0.36 0.20 0.64 
 ≥ 125 6 (1.6) 35 (7.6) 0.17 0.07 0.41 0.18 0.06 0.51 
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4.5 Habitual physical activity and risk of ischemic stroke 
Table 9 presents the univariate and the multivariate logistic regression results for the 
physical activity variables. In the multivariate analysis, the models adjusted for age, 
gender, BMI, education level, smoking status, smoking pack-years, alcohol drinking 
status, presence of hypertension, hyperlipidemia and diabetes, and weekly 
consumptions of red meat, fish, poultry, fruit and vegetables. Significant inverse 
association with the ischemic stroke risk was evident for strenuous sports and 
moderate activity but not vigorous work, the corresponding dose-response 
relationship was also significant according to the linear trend test. Separate analysis 
of total physical activity further showed its beneficial effect with adjusted OR 
reduced to 0.25 (95% CI 0.14 to 0.45) for those engaged in 22 or more MET-hours 
per week relative to others less than 10 MET-hours per week, suggesting that habitual 
physical activity could lead to substantial reductions in stroke risk after controlling 
for confounding variables. 
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Table 9 Risk of ischemic stroke for habitual physical activity 
 Case 
n (%) 
Control 
n (%) 
Crude 
OR 
95% CI 
 
Adjusted 
OR 
95% CI 
Strenuous sports (hours/week)   p for trend = 0.002 
< 1  261 (91.6) 309 (80.7)       
1-5.4  20 (7.0) 45 (11.8) 0.40 0.22 0.70 0.39 0.19 0.80 
≥ 5.5  4 (1.4) 29 (7.6) 0.14 0.05, 0.41 0.16 0.05, 0.55 
Vigorous work (hours/week)    p for trend = 0.831 
< 1  259 (90.9) 349 (91.1)       
1-8.9  16 (5.6) 20 (5.2) 0.83 0.41 1.68 0.81 0.36 1.83 
≥ 9  10 (3.5) 14 (3.7) 0.63 0.26 1.54 0.79 0.29 2.16 
Moderate activity (hours/week)   p for trend < 0.001 
< 1  68 (23.9) 65 (17.0)       
1-8.4  133 (46.7) 120 (31.3) 0.77 0.49 1.23 0.75 0.43 1.32 
≥ 8.5 84 (29.5) 198 (51.7) 0.30 0.19 0.47 0.31 0.18 0.56 
Total physical activity (MET-hours/week) p for trend < 0.001 
< 10 91 (31.9) 56 (14.6)       
10-13 55 (19.3) 58 (15.1) 0.58 0.36 0.96 0.44 0.24 0.81 
14-21 90 (31.6) 159 (41.5) 0.35 0.23 0.53 0.35 0.21 0.59 
≥ 22 49 (17.2) 110 (28.7) 0.27 0.17 0.44 0.25 0.14 0.45 
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5. Discussion 
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5.1 Overview of this chapter 
In this chapter, discussion of study findings, limitations conclusions and 
recommendations of the study are presented, respectively. In section 5.2, the observed 
association between tea consumption and risk of ischemic stroke is discussed, 
followed by some remarks on the observed association between soy foods 
consumption and the risk of ischemic stroke, and then the observed association 
between physical activity and the risk of ischemic stroke. Limitations, potential bias 
and other issues are given in section 5.3. The conclusion in section 5.4 summarises 
the significance of the findings, and section 5.5 provides future recommendations.  
Materials of this chapter have been published in the three peer-reviewed journal 
articles listed below: 
1. Liang, W, Lee, AH, Binns, CW, Huang, R, Hu, D & Zhou, Q 2009, 'Tea 
 consumption and ischemic stroke risk: A case-control study in southern China', 
 Stroke, vol. 40, no. 7, pp. 2480-5. 
.  
2. Liang, W, Lee, AH, Binns, CW, Huang, R, Hu, D & Shao, H 2009, 'Soy 
consumption reduces risk of ischemic stroke: A case-control study in southern 
China', Neuroepidemiology, vol. 33, no. 2, pp. 111-6. 
 
3. Liang, W, Lee, AH, Binns, CW, Zhou, Q, Huang, R & Hu, D 2009, 'Habitual 
 physical activity reduces risk of ischemic stroke: A case-control study in 
 southern China', Cerebrovascular Diseases, vol. 28, no. 5, pp. 454-9. 
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5.2 Discussion 
5.2.1 Tea drinking and risk of ischemic stroke 
This was the first study that documented in detail the association between tea 
consumption and the ischemic stroke risk in China. All patients included in the study 
were image-confirmed first-ever ischemic stroke cases, and all potential controls were 
screened for stroke symptoms by a neurologist, thus minimizing the likelihood of 
misclassification of the case-control status. Another strength of the study was that 
accurate measurements on long term tea exposure were made using a validated and 
reliable questionnaire specifically developed for the southern Chinese population. In 
addition to recording the frequency of intake, information was also obtained on both 
duration of drinking and average quantity of dried tea leaves brewed. These exposure 
measures are important to determine and ascertain the effect of habitual tea 
consumption. Moreover, the underlying population consume various types of tea, 
which enabled us to investigate their effect on the ischemic stroke risk separately. 
 
In this study, it was observed that higher consumption of green tea and oolong tea 
was associated with a lower risk of ischemic stroke. Nevertheless, the actual amount 
of tea consumption is related to both the volume and the concentration of tea. 
Moreover, significant inverse dose-response relationships were found for years of 
drinking and average yearly quantity of tea leaves brewed. This protective effect of 
tea is supported by a growing body of literature from experimental studies. Previous 
animal and in-vitro studies and clinical trials have suggested that tea drinking may 
protect against ischemic stroke by inhibiting the progress of atherosclerosis in the 
cerebral arteries and internal carotid arteries. As summarised in a recent review article 
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(Fraser et al., 2007), tea can prevent the formation of atherosclerosis by protecting the 
artery wall against high level of LDL plasma concentration, inhibiting the migration 
of monocytes to the atherosclerotic lesion, inhibiting proliferation of smooth muscle 
cells, and improving endothelial function. 
For the Southern Chinese population, people sometimes consume more than one type 
of tea, but it is uncommon to mix different type of tea leaves together and prepare a 
cup of mixed tea, and to consume two or more types of tea in one occasion. Therefore 
we are unable to investigate any interaction effect of ‘mixed’ tea drinking. 
This study suggests that continuous consumption of tea may reduce the risk of 
ischemic stroke, and the risk can be further reduced by longer term and higher dose of 
tea exposure, especially for green tea and oolong tea. These findings are consistent 
with the results from two previous Japanese studies of green tea (Kuriyama et al., 
2006; Sato et al., 1989). Contrary to two prospective cohort studies conducted in 
Finland (Larsson et al., 2008) and the Netherlands (Keli, Hertog, Feskens, & 
Kromhout, 1996), we did not find a clear association between black tea consumption 
and the risk of ischemic stroke. A plausible reason is that, unlike Western countries, 
our study population commonly drink a concentrated post-fermented tea called “Pu-
erh” which has a distinctive dark colour and flavour. Consequently, the apparent lack 
of significant effect observed for black tea represented a combination of “Pu-erh” tea 
mixed with other subtypes of black tea. Similarly, a prospective cohort study 
conducted in the USA found no significant association between black tea 
consumption and the risk of stroke (Sesso, Paffenbarger, Oguma, & Lee, 2003). 
Nevertheless, two recent published cohort studies (S. C. Larsson et al., 2008; Tanabe, 
Suzuki, Aizawa, & Seki, 2008) and one recent meta-analysis (Arab, Liu, & Elashoff, 
2009) concluded that tea consumption can offer protection against ischemic stroke. 
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5.2.2 Soy food consumption and risk of ischemic stroke 
This was the first epidemiological study that reported the inverse association between 
soy products and the ischemic stroke risk in China. Habitual food consumption was 
measured using a validated and reliable questionnaire specifically developed for the 
southern Chinese population, with information on frequency and quantity of intake 
recorded in detail.  
 
The reduction in stroke risk by increasing soy intake appeared to be consistent with 
previous findings for Chinese immigrants living in New York (Fang et al., 2006) and 
Japanese women (Kokubo et al., 2007). The observed protective effect is biologically 
plausible. Soy foods provide a good source of protein, unsaturated fat and dietary 
fibre (Friedman & Brandon, 2001). Human clinical trials have suggested that the 
beneficial effect of soy foods on cardiovascular health may be related to soy protein 
as well as other nutrient components (Balk et al., 2005; Lemaitre et al., 2003; F. M. 
Sacks et al., 2006). Evidence is also emerging from experimental studies that 
isoflavones from soy products, which has a molecule structure similar to oestrogen, 
can play an important role in blood lipid regulation (Kokubo et al., 2007; Taku et al., 
2007). These observations are consistent with the previous findings from the 
literature reviewed in chapter two. Nevertheless the effect of tea and soy bean 
consumption on the risk of ischemic stroke might be modified by the potential 
confounders being adjusted for in the multivariate analysis. 
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5.2.3 Physical activity and risk of ischemic stroke 
This was the first epidemiological study reporting an inverse association between 
habitual physical activity and the ischemic stroke risk in China. Both occupational 
and leisure time activity levels were measured using a validated and reliable 
instrument specifically developed for the Chinese population (Jian et al., 2005).  
 
Strenuous sports and moderate activity in daily life were found to be associated with 
a lower risk of ischemic stroke in this Southern China population. The risk of 
ischemic stroke also reduced for longer duration of such leisure time activities but not 
vigorous work. It should be noted, however, that vigorous work was not common 
among older adults in this catchment region, as more than 91% of the control 
participants did less than one hour of vigorous work per week. The results are 
consistent with previous reports (Evenson et al., 1999; Hu et al., 2005; Sacco et al., 
1998) and a meta-analysis of 23 epidemiological studies conducted in developed 
countries, which documented an overall relative ischemic stroke risk of 0.79 (95% CI 
0.69 to 0.91) for highly active populations versus low-active populations (Lee et al., 
2003).  
 
China differs from developed countries in that the majority of Chinese were involved 
in occupations requiring intensive labour before the 1980s. Most of our participants 
would have been exposed to a high level of physical activity when they were young. 
In this study, the reference period for habitual physical activity was set at one year 
before interview. Therefore, the results suggested that staying active to old age may 
be beneficial against ischemic stroke. A German case-control study of 740 subjects 
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similarly observed a significant reduction in stroke risk among older adults who 
remained physically active but not those active only during their young adulthood 
(Grau et al., 2008), while results from another case-control study with 127 patients 
and 301 subjects conducted in Demark indicated a potential protective effect of most 
recent physical activities against ischemic stroke (Krarup et al., 2007). The protective 
effect of regular physical activity is biologically plausible. Experimental studies have 
shown that physical exercise can reduce blood pressure (Whelton, Chin, Xin, & He, 
2002), improve endothelial function (Moyna & Thompson, 2004; Ronnback, 
Hernelahti, Hamalainen, Groop, & Tikkanen, 2007), decrease fibrinogen levels and 
platelet aggregability (Wannamethee et al., 2002), as well as having anti-
inflammatory effects (Abramson & Vaccarino, 2002). 
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5.3 Limitations 
Results of this case-control study could be affected by several sources of bias. The 
potential beneficial effects of tea drinking and habitual soy consumption pattern have 
not been established in China so that information bias was unlikely. The validity of 
the recall information of habitual tea consumption pattern and soy food consumption 
should not be varied by the case-control status.  
 
Dietary assessment was based on self-report using a validated and reliable 
questionnaire specifically developed for the southern Chinese population. However, 
responses from the stroke patients would inevitably incur some recall bias due to 
possible memory and/or cognitive loss from stroke. Therefore, face-to-face interviews 
were conducted in the presence of their next-of-kin to increase the response rate and 
to improve the accuracy of their answers. 
 
Proxy information was used in 22% of the cases. However no differences were found 
between index patient and next-of-kin on tea consumption frequency, years of tea 
drinking, and tea leaf consumption. Moreover, no differences were found between 
patient and next-of-kin on weekly soybean, tofu, soymilk and total soy food 
consumption, as well as strenuous sports, vigorous work, moderate activity and total 
physical activity levels in terms of MET-hours per week.  
 
Physical activity levels were based on self-report but not objectively measured, 
Nevertheless it has been a common and realistic method to measure habitual physical 
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activity exposure over a long period with validated questionnaires, such as the one 
used in this study. 
 
Selection bias was unavoidable because all participants were voluntary and the 
hospital-based controls were not randomly selected from the community. The three 
participating hospitals serve the entire Foshan catchment region so that our subjects 
were representative of the target population.  
 
Residual confounding is another possibility that cannot be ignored. Plausible risk 
factors have been accounted for and adjusted in the multivariate logistic regression 
analyses. Nevertheless, further replications of the study are recommended before 
generalizing the findings to other populations and countries.  
 
Case-control studies, similar to cohort studies, are observational studies in nature. 
Therefore, our study could not prove any causal relationships based on the observed 
associations between tea drinking, soy foods consumption, habitual physical activity 
and the ischemic stroke risk.  
 
Long-term follow-up of the participants was not feasible in the current study because 
of lack of contact details. 
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5.4 Conclusions 
5.4.1 Tea drinking and risk of ischemic stroke 
Long-term tea consumption history was assessed in this southern China case-control 
study. An inverse association was found between long term and regular tea drinking 
and risk of ischemic stroke, especially for green tea and Oolong tea, in a southern 
Chinese population. The findings of this case-control study are consistent with the 
results of two recently published cohort studies (S. C. Larsson et al., 2008; Tanabe et 
al., 2008) and one meta-analysis (Arab et al., 2009), all of which showed a protective 
effect of tea consumption against ischemic stroke. These support the hypothesis of the 
PhD study that long term tea consumption may reduce the risk of ischemic stroke. 
Nevertheless, further replications of the study investigating habitual drinking of 
various types of tea are recommended before generalizing the findings to other 
populations and countries.  
 
5.4.2 Soy food consumption and risk of ischemic stroke 
Soy food consumption and risk of ischemic stroke was assessed in this case-control 
study. It was observed that higher consumption of dried soy beans, tofu, soymilk and 
total soy foods were associated with a reduced risk of ischemic stroke after adjusting 
for potential confounders. The inverse trends between soy food consumption and risk 
of ischemic stroke were also found to be significant. The results of this study support 
the hypothesis that habitual soy food consumption reduces the risk of ischemic stroke. 
Experimental research and well-designed prospective cohort studies collecting 
detailed dietary exposure information are required to confirm whether habitual soy 
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consumption can offer protection by reducing both morbidity and mortality due to 
stroke. 
 
5.4.3 Habitual physical activity and risk of ischemic stroke 
The relationship between physical activity levels and risk of ischemic stroke was 
assessed in this case-control study. It was found that control subjects reported 
significantly longer duration of strenuous sports and moderate activities in recent 
daily life than the stroke patients. Increased engagements in such leisure time 
activities were associated with reduced risks of ischemic stroke after adjustment for 
confounding factors. A significant inverse dose-response relationship was also found 
for total physical activity exposure. The results of our study suggested that staying 
active at old age, could reduce the risk of ischemic stroke. This supports the 
hypothesis that habitual physical activities may reduce the risk of ischemic stroke. 
Leisure time exercise activities should be further promoted and encouraged among 
older adults because of the potential benefit in stroke prevention.  
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5.5 Recommendations  
Evidence on the protective role of tea drinking and soy foods is emerging. Tea and 
soy products are widely available in China. Authorities and health professionals 
should pay attention to the potential benefits of these common and inexpensive foods, 
and further encourage their consumption among the general population. A major 
limitation is the lack of controlled clinical trials with long-term follow-up on the 
potential effects of diet and lifestyle modifications on the risk, survival and 
recurrence of different subtypes of stroke. Before conducting clinical trials, 
experimental studies are required to further understand the mechanism of actions for 
the protective effect of tea drinking and soy foods consumption. This study also 
suggests habitual physical activity at old age may provide protection effect against 
ischemic stroke. In view of the potential benefits of physical activity for other chronic 
diseases prevention, habitual physical activity among older adults should be promoted. 
Again, controlled clinical trials with long-term follow-up are recommended to 
determine whether habitual physical activity can reduce the risk and mortality of 
stroke, and reduce the likelihood of stroke recurrence for older adults. 
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Appendix C Questionnaire (English version) 
                            
                               No. 
                   
                                                                                                                                      
                                                                                                                        
       MM/DD/YY                       /            /             .     
 
                                                                                                                  
                                                                                                                   
Date of interview: 
 
General information  
 
Admission/Visit Date/ Diagnosis Date:                     /                    /                    . 
 
Diagnosis:  
 
Diagnosis confirmed by CT or MRI if case?   Yes  No      
 
Any sign, symptom or medical record indicated previous stroke? Yes   No 
  
  
Blood pressure (mmHg): 
 
Date of Birth (month/day/year) 
 
Gender:   
 
Place of birth:  
 
Place of residence: 
 
Years in Foshan: 
 
Weight (Kg):           
 
Height (CM, no shoes):        
 
Marital status:          
  
Education level:         
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Medical history 
Previous diagnosis of hypertension? 
 
How many years since been diagnosis of HBP? 
 
Regular use of medication for HBP before admission? 
 
 
 
Previous diagnosis hyperlipidemia? 
 
How many years since been diagnosis of hyperlipidemia? 
 
Regular use of medication for hyperlipidemia before admission? 
 
 
 
Previous diagnosis of diabetes? 
 
How many years since been diagnosis of diabetes? 
 
Regular use of medication for diabetes before admission? 
 
 
 
 
Appendix 
 
111 
 
 
 
Answers provided by next of kin?                                         Yes  No  
 
Relationship with the index person: 
 
  
Do you drink tea? If yes how often do you drink tea, usually?   
Never or hardly never—0  
1-4 cups / month—1 
2-4 cups / week—2 
1 Cup / day—3 
2-3 Cups / day –4 
4-5 Cups / day—5 
6--7 Cups / day—6  
More than 7 cups /day—7  
 
What kinds of tea do usually you drink?        
Green tea—1     
Black tea—2    
Oolong tea—3      
Ratio of consumption if more than one type (     :      :     ) 
 
What is the total number of years you drank tea?   
      
How much (in Jin: 500 grams) tea leave was consumed per year? 
         
What size of teacup do you use?           
Small size (30ml)—1      
Medium size (180ml)—2     
Large size (400ml)—3                                  
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Lifestyle 
         
On the average, before the disease how many hours in a week did you spend in the 
following activities over the last 12 months?  
 Never ½ to 
1 h 
2-3 h 4-6 h 7-10 
h 
11-
20 h 
21-
30 h 
> 
30h 
Per 
week 
Strenuous sports (i.e. jogging, 
bicycling on hills, tennis, racquet ball, 
swimming, aerobics) 
0 1 2 3 4 5 6 7  
Vigorous work (i.e. moving heavy 
furniture, shoveling, weight lifting, 
loading/ unloading trucks, or equivalent 
manual labor) 
0 1 2 3 4 5 6 7  
Moderate activity (i.e. housework, brisk 
walking, golfing, bowling, bicycling on 
level ground, gardening, walking, Taichi) 
0 1 2 3 4 5 6 7  
 
Lifelong physical activity involvement was defined as ‘(doing) active sports or vigorous 
exercise long enough to get sweaty, at least twice a week’.  
How would you describe your physical fitness activity over your entire life course? 
Never been much involved—1  
Previously active but not any more—2  
Active just recently—3 
Intermittently active—4  
Always been involved—5 
 
Smoking 
 
Have you ever smoked?     No—0       Yes—1 
 
Are you smoking now?     No—0       Yes—1   
 
What is the average number of cigarettes that you smoked per day? 
 Occasionally 1 to 2 … 1            5 to 9 …… 3            15 to 19 …… 5 30 …… 7 
 Often 1 to 4 ………….. 2           10 to 14 … 4      20 ………... 6           40 …… 8 
  
What is the total number of years you smoked?                                                                                           
  
If you quit smoking, how many years ago did you quit? 
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 Usual diet consumption over the last 12 months 
 
Food 
0-2 
times 
a year 
3-10 
times 
 a 
year 
Once 
a          
   
month 
  2–3 
times 
a  
  
month 
 Once 
    a 
  
week 
2-3 
times 
a 
week 
4-6 
times 
a 
week 
  
Once 
   a  
 day 
    2 
times 
a day 
Quantity 
  Liang/ 
time 
Rice 0 1 2 3 4 5 6 7 8  
Vegetables 0 1 2 3 4 5 6 7 8  
Fruit 0 1 2 3 4 5 6 7 8  
Soybeans 0 1 2 3 4 5 6 7 8  
Soymilk 0 1 2 3 4 5 6 7 8  
Tofu 0 1 2 3 4 5 6 7 8  
 Dried tofu 0 1 2 3 4 5 6 7 8  
Meat (beef/pork/lamb) 0 1 2 3 4 5 6 7 8  
Fish 0 1 2 3 4 5 6 7 8  
Poultry 
(chicken/duck/Geese) 
0 1 2 3 4 5 6 7 8  
 
How many years have you been drinking alcohol? 
Never drink- 0  1-5 years-1  6-10 years-2  11-15years-3  
16-50 years-4  21-25years-5  >25years-6 
 
If you have quitted, how many years have it been seen you quitted? 
 
If you drink, how often and how much each time did you have the following categories 
of drink? 
 
Drink 
0-2 
times 
a year 
3-10 
times 
 a 
year 
Once 
a          
 
month 
  2–3 
times 
a  
month 
 Once 
    a 
  
week 
2-3 
times 
a 
week 
4-6 
times 
a 
week 
  
Once 
   a  
 day 
    2 
times 
a day 
Quantity 
  Liang/ 
time 
 Beer (regular or light 
beer) 
0 1 2     3 4 5 6 7 8  
 Red  Wine  0 1 2 3 4 5 6 7 8  
 Chinese wine/ rice 
wine 
0 1 2 3 4 5 6 7 8  
Chinese baijiu, Maotai 0 1 2 3 4 5 6 7 8  
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Usual diet consumption over the last 12 months 
Cereals  
 
Food  
items 
<1
-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥2.0 
Rice 
conjee 0 1 2 3 4 5 6 7 
50g / bowl  
 0 1 2 3 4 5 
Thin rice 
noodle  0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Fried 
sticks  0 1 2 3 4 5 6 7 
100g / two  
 0 1 2 3 4 5 
Noodle  0 1 2 3 4 5 6 7 50g /bowl   0 1 2 3 4 5 
Rice 
noodle  0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Instant 
noodle 0 1 2 3 4 5 6 7 
100g/pack
age 
  
0 1 2 3 4 5 
Corn  0 1 2 3 4 5 6 7 150g / one   0 1 2 3 4 5 
Steamed 
bread  0 1 2 3 4 5 6 7 
50g / one  0 1 2 3 4 5 
Dumpling 
  0 1 2 3 4 5 6 7 
250g / 
fifteen  0 1 2 3 4 5 
Chang 
fen  
 
0 1 2 3 4 5 6 7 
300 g/ 
plate  0 1 2 3 4 5 
 
Legumes 
 
Food  
items 
<1
-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥2.0 
Mung 
bean  0 1 2 3 4 5 6 7 
20g/ bowl 0 1 2 3 4 5 
Black 
soybean  0 1 2 3 4 5 6 7 
150g / 
plate 
 
0 1 2 3 4 5 
Green 
bean 0 1 2 3 4 5 6 7 
20g/ bowl 0 1 2 3 4 5 
Kidney 
bean  0 1 2 3 4 5 6 7 
150g / 
plate 
 
0 1 2 3 4 5 
Bean 
sprout  0 1 2 3 4 5 6 7 
150g / 
plate 
 
0 1 2 3 4 5 
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Leafy vegetables Melon and Nightshade 
 
Food  
items 
<1-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥2.0 
Lettuce 
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
greengrocery 
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Chinese 
cabbage 0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Cabbage 
mustard 0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Water shield 
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Cole   
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Spinach  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Water 
spinach 0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Balsam pear  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
White gourd 
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Tomato  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Cucumber  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Pimiento  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Cabbage  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Celery  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Water 
cress  0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Cauliflower 
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Leek  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Appendix 
 
116 
 
Caraway 
 0 1 2 3 4 5 6 7 
5g / one  0 1 2 3 4 5 
 
 
 
 
Roots 
 
Food  
items 
<
1-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥ 2.0 
Radish  
0 1 2 3 4 5 6 7 
120g /4 
piece s 
 
0 1 2 3 4 5 
Bamboo 
shoot  0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Carrot  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Potato  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Pachyrhizus  
0 1 2 3 4 5 6 7 
200g / 
one  0 1 2 3 4 5 
Ginger  
0 1 2 3 4 5 6 7 
10g/ 2 
pieces 
  
0 1 2 3 4 5 
Garlic 
0 1 2 3 4 5 6 7 
20g/ 4 
pieces 
 
0 1 2 3 4 5 
Onion 
0 1 2 3 4 5 6 7 
20g/ 4 
pieces 
 
0 1 2 3 4 5 
Shallot 
0 1 2 3 4 5 6 7 
20g/ 4 
pieces 
 
0 1 2 3 4 5 
Small 
Shallot 0 1 2 3 4 5 6 7 
20g/ 4 
pieces 
 
0 1 2 3 4 5 
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 Fruits 
 
Food  
items 
<1
-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥ 2.0 
Orange  
0 1 2 3 4 5 6 7 
125g / 
one 
 
0 1 2 3 4 5 
Mandarin 
orange 0 1 2 3 4 5 6 7 
250g / 
one 0 1 2 3 4 5 
Small 
orange 0 1 2 3 4 5 6 7 
250g / 
one 0 1 2 3 4 5 
Apple  
0 1 2 3 4 5 6 7 
250g / 
one 
 
0 1 2 3 4 5 
Banana  
0 1 2 3 4 5 6 7 
250g / 
one 
 
0 1 2 3 4 5 
Pear  
0 1 2 3 4 5 6 7 
250g / 
one 
 
0 1 2 3 4 5 
Guava  
0 1 2 3 4 5 6 7 
350g / 
one 
 
0 1 2 3 4 5 
Peach  
0 1 2 3 4 5 6 7 
250g / 
one 
 
0 1 2 3 4 5 
Mango  
0 1 2 3 4 5 6 7 
250g / 
one 
 
0 1 2 3 4 5 
Lichee  
0 1 2 3 4 5 6 7 
100g / 
five 
 
0 1 2 3 4 5 
Grape  
0 1 2 3 4 5 6 7 
100g / 
eight 
 
0 1 2 3 4 5 
Longan  
0 1 2 3 4 5 6 7 
100g / 
eight 
 
0 1 2 3 4 5 
Water 
melon  0 1 2 3 4 5 6 7 
100g / 
piece 
 
0 1 2 3 4 5 
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Meats 
 
Food  
items 
<1
-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥ 2.0 
Pork / 
Filet   0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Pork 
chop  0 1 2 3 4 5 6 7 
100g / 5 
piece 0 1 2 3 4 5 
Beef  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Pig bone 0 1 2 3 4 5 6 7 120g /4 pieces  0 1 2 3 4 5 
Beef 
pellet  0 1 2 3 4 5 6 7 
120g / 
four 
 
0 1 2 3 4 5 
Pettitoes 
0 1 2 3 4 5 6 7 
80g /2 
piece 
  
0 1 2 3 4 5 
Chitling  
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Pig 
stomach  0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Banger  0 1 2 3 4 5 6 7 45g /one   0 1 2 3 4 5 
Ham  0 1 2 3 4 5 6 7 40g /one  0 1 2 3 4 5 
 
Poultries  
Food  
items 
<1-
3/M 
1-
3/M 
1-
2/
W 
3-
4/
W 
5-
6/
W 
1
/
D 
2
/
D 
 
3
/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥ 2.0 
Chicken 
0 1 2 3 4 5 6 7 
100g /4 
pieces 
 
0 1 2 3 4 5 
Geese  
0 1 2 3 4 5 6 7 
100g /4 
pieces 
 
0 1 2 3 4 5 
Duck  
0 1 2 3 4 5 6 7 
100g /4 
pieces  
 
0 1 2 3 4 5 
Chook 
wing 0 1 2 3 4 5 6 7 
100g / 
one  0 1 2 3 4 5 
Chook 
claw  0 1 2 3 4 5 6 7 
100g / 
four  0 1 2 3 4 5 
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Milk and egg 
 
Food  
items 
 
<1-
3/M 
 
1-
3/M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1
/
D 
 
 
2
/
D 
 
 
3
/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥ 2.0 
Milk 
(cow)  0 1 2 3 4 5 6 7 
200ml / 
cup  
 
0 1 2 3 4 5 
Milk 
powder  0 1 2 3 4 5 6 7 
10g / 
spoon 0 1 2 3 4 5 
Egg  
0 1 2 3 4 5 6 7 
200ml / 
cup  
 
0 1 2 3 4 5 
Duck 
egg  0 1 2 3 4 5 6 7 
10g / 
spoon 0 1 2 3 4 5 
Salted 
duck 
egg 
0 1 2 3 4 5 6 7 
200ml / 
cup  
 
0 1 2 3 4 5 
 
Pickles 
 
Food  
items 
 
<1
-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥2.0 
Dried turnip 0 1 2 3 4 5 6 7 50g / dish  0 1 2 3 4 5 
Salted 
mustard 0 1 2 3 4 5 6 7 
50g / dish 
 0 1 2 3 4 5 
Pickled 
vegetables 0 1 2 3 4 5 6 7 
50g / dish 
 0 1 2 3 4 5 
Pickled 
Chinese 
cabbage 
0 1 2 3 4 5 6 7 
50g / dish 
 0 1 2 3 4 5 
 
Cakes  
 
Food  
items 
 
<1-
3/M 
 
1-
3/M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1
/
D 
 
 
2
/
D 
 
 
3
/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.5 0.5 0.7
5 
1.0 1.5 ≥2.0 
Bread  
0 1 2 3 4 5 6 7 
100g / 
one  
 
0 1 2 3 4 5 
Biscuit  
0 1 2 3 4 5 6 7 
50g/ 10 
pieces 
 
0 1 2 3 4 5 
Cake  
0 1 2 3 4 5 6 7 
35g / 
one  
 
0 1 2 3 4 5 
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Marine products  
 
Food  
items 
 
<1
-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.5 0.5 0.7
5 
1.0 1.5 ≥2.0 
Grass 
card 0 1 2 3 4 5 6 7 
120g /4 
pieces 0 1 2 3 4 5 
Wan 
fish 0 1 2 3 4 5 6 7 
250g / 
one 
 
0 1 2 3 4 5 
Lu fish 
0 1 2 3 4 5 6 7 
120g /4 
pieces 
  
0 1 2 3 4 5 
Guihua 
fish 0 1 2 3 4 5 6 7 
120g /4 
pieces 
  
0 1 2 3 4 5 
Tangse 
fish 0 1 2 3 4 5 6 7 
120g /4 
pieces 
  
0 1 2 3 4 5 
Carp 
0 1 2 3 4 5 6 7 
120g /4 
pieces 
 
0 1 2 3 4 5 
Crucian 
0 1 2 3 4 5 6 7 
120g /4 
pieces 
 
0 1 2 3 4 5 
Salted 
fish 0 1 2 3 4 5 6 7 
150g / 
one 
 
0 1 2 3 4 5 
Marine 
fish 
(Yellow 
croaker 
Hairtail 
Eel 
Red 
fish) 
0 1 2 3 4 5 6 7 
 
 
 
120g /4 
pieces 0 1 2 3 4 5 
Sleeve-
fish 0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Shrimp 
0 1 2 3 4 5 6 7 
100g / 
ten 
 
0 1 2 3 4 5 
Crab 
0 1 2 3 4 5 6 7 
175g / 
one  
 
0 1 2 3 4 5 
Dried 
small 
shrimps 
0 1 2 3 4 5 6 7 
20g / 
twenty  
 
0 1 2 3 4 5 
Seashell 
0 1 2 3 4 5 6 7 
250g / 
plate 
 
0 1 2 3 4 5 
Dried 
sleeve-
fish 
0 1 2 3 4 5 6 7 
150g / 
plate 
 
0 1 2 3 4 5 
Fish- 
pellet 0 1 2 3 4 5 6 7 
100g / 
four  
 
0 1 2 3 4 5 
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Mushrooms 
 
Food  
items 
<1
-
3/
M 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0.
5 
0.5 0.7
5 
1.0 1.5 ≥2.0 
Mushroom 0 1 2 3 4 5 6 7 30g / six 0 1 2 3 4 5 
Straw 
mushroom 0 1 2 3 4 5 6 7 
60g / six 0 1 2 3 4 5 
Fungus 
 0 1 2 3 4 5 6 7 
250g / 
plate 0 1 2 3 4 5 
Laver  
 0 1 2 3 4 5 6 7 
5g/ bowl 
soup 0 1 2 3 4 5 
Agaric 
 0 1 2 3 4 5 6 7 
250g / 
plate 0 1 2 3 4 5 
 
 
 
Nuts 
 
Food  
items <1-3/M 
 
1-
3/M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1
/
D 
 
2
/
D 
 
 
3
/ 
D 
 
Standard 
Portion 
Size  
 
Portion size  
<0
.5 
0.5 0.7
5 
1.0 1.5 ≥2.0 
Peanut  
 0 1 2 3 4 5 6 7 
50g / 
dish  0 1 2 3 4 5 
Sunflower 
seed 0 1 2 3 4 5 6 7 
50g / 
dish  0 1 2 3 4 5 
 
 
 
Condiments & oil 
 
Food  
items 
 
1-
3/
M 
 
1-
2/
W 
 
3-
4/
W 
 
5-
6/
W 
 
1/
D 
 
2/
D 
 
 
3
/ 
D 
 
size  
 
Amount 
No Less Norm
al 
More 
Salt 
 1 2 3 4 5 6 7 
4g 0 1 2 3 
Monosodium 
glutamate 1 2 3 4 5 6 7 
1g 0 1 2 3 
Sauce soy 
 1 2 3 4 5 6 7 
10g 0 1 2 3 
Vinegar 
 1 2 3 4 5 6 7 
3ml 0 1 2 3 
Fermented fish 
sauce 1 2 3 4 5 6 7 
2ml 0 1 2 3 
White sugar 
 1 2 3 4 5 6 7 
0.8ml 0 1 2 3 
Peanut oil 1 2 3 4 5 6 7 10ml 0 1 2 3 
Mixed oil  1 2 3 4 5 6 7 7ml 0 1 2 3 
Lord  
 1 2 3 4 5 6 7 
5ml 0 1 2 3 
 
